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ABSTRACT

Introduction: Ubiquitin-proteasome system (UPS) has been validated as a novel anticancer drug target
in the past 20 years. The UPS contains two distinct steps: ubiquitination of a substrate protein by
ubiquitin activating enzyme (E1), ubiquitin conjugating enzyme (E2), and ubiquitin ligase (E3), and
substrate degradation by the 26S proteasome complex. The E3 enzyme is the central player in the
ubiquitination step and has a wide range of specific substrates in cancer cells, offering great opportu-
nities for discovery and development of selective drugs.
Areas covered: This review summarizes the recent advances in small molecule inhibitors of E1s, E2s,
and E3s, with a focus on the latest patents (from 2015 to 2018) of E3 inhibitors and modulators.
Expert opinion: One strategy to overcome limitations of current 20S proteasome inhibitors is to
discover inhibitors of the upstream key components of the UPS, such as E3 enzymes. E3s play important
roles in cancer development and determine the specificity of substrate ubiquitination, offering novel
target opportunities. E3 modulators could be developed by rational design, natural compound or
library screening, old drug repurposes, and application of other novel technologies. Further under-
standing of mechanisms of E3–substrate interaction will be essential for discovering and developing
next-generation E3 inhibitors as effective anticancer drugs.
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1. Introduction

1.1. Ubiquitination pathway and E3 ubiquitin ligases

Ubiquitination is an important post-translational process that

is involved in the pathophysiological mechanisms of many

human diseases, and the ubiquitinated proteins can be recog-

nized and degraded by the 26S proteasome (Figure 1).

Ubiquitin (Ub), which plays a central role in this process,

contains 76 highly conserved amino acids and is present in

all types of cells from yeast to human. Ubiquitination is

a multistep enzyme cascade that involves the sequential

actions of the ubiquitin-activating enzyme (E1), ubiquitin-

conjugating enzyme (E2), and ubiquitin ligase (E3) (Figure 1).

The first step is an ATP-dependent activation of the ubiquitin

molecule by an E1 enzyme to form a thioester bond between

the Ub carboxyl group and the thiol of the E1 active cysteine

residue. Then, the activated ubiquitin is transferred to the

cysteine residue of the E2 enzyme, which permits it to be

sequentially docked into the E3 ligase. Finally, the ubiquitin

moieties attach the specific lysine residue on the protein sub-

strate that is mediated by the E3 ligase [1,2]. The sequential

covalent attachment of ubiquitin moieties forms a ubiquitin

chain. Ubiquitin contains seven lysine residues (K6, K11, K27,

K29, K33, K48, and K63), all of which could be associated with

the chain formation. However, K48- and K63-linked mono-

ubiquitination and polyubiquitination are the most commonly

found and have been investigated extensively [3].

According to their distinct mechanisms of protein-protein

interaction, E3 ligases are currently categorized into three

families: (i) homologous to E6-associated protein C-terminus

(HECT), (ii) Really Interesting New Gene (RING), and (iii) U-box

domain [1,4,5]. HECT E3 ligases can recruit ubiquitin from the

E2 enzyme and directly conjugate ubiquitin moieties to the

lysine residue of target proteins, independent of the E2

enzyme. In contrast, RING type and U-box E3 ligases mainly

function as scaffolding proteins and recruit the ubiquitin-

charged E2 and substrate proteins through docking sites.

RING-type E3 ligase is characterized as a subunit containing

RING domain for recruiting E2 enzyme. Notably, RING E3

ligases are further classified into a single-molecular RING-

containing E3 ligases or multi-subunit E3 ligase complexes

including various Cullin-containing E3 ligase complexes (e.g.

Skp1/Cul1/F-box protein complex or SCF) [2,6,7].

To date, a variety of studies on protein ubiquitination and

degradation have confirmed that E1 and many E2 and E3

enzymes are involved in tumorigenesis, which can therefore

be considered as specific targets for screening and developing

potential anticancer therapeutic agents. However, discovery of
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广东省科技计划项目验收书

其他成果及形式
说明

完成技术手册<<罗勒立体无土基
质栽培技术>>一本

其他成果及形式
说明

已完成技术手册一本

 （二）主要技术经济指标及社会效益

合同经济指标 实际经济指标

累计新增销售收入（万元） 100.00 累计新增销售收入（万元） 100.00

累计新增利税（万元） 累计新增利税（万元）

 其它主要技术经济指标及社会效益：
通过项目实施，创新形成罗勒立柱无土基质栽培技术一项；形成罗勒香茶工艺一项。项目实施后，罗勒
温室立体种植面积达50亩，带动农户种植面积100亩，亩产值由原来6000元增加到1.2-1.8万元，实现大
幅度增收。项目实施后每年直接经济效益超过100万元，间接经济效益超过200万元，实现户均增收2万元
以上。

 其它主要技术经济指标及社会效益完成情况：
通过项目实施，创新形成罗勒立柱无土基质栽培技术一项；形成罗勒香茶工艺一项。项目实施后，罗勒
温室立体种植面积达50亩，带动农户种植面积100亩，亩产值由原来6000元增加到1.2-1.8万元，实现大
幅度增收。项目实施后每年直接经济效益超过100万元，间接经济效益超过200万元，实现户均增收2万元
以上。

项目负责人（签章）：
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企业合作，在企业所在地、承担单位的实验基地研究总结了罗勒的无土栽培技术一项，罗勒香茶工艺技
术一项，涉及栽培和加工两个方面的内容，并且通过研究，发表了研究论文2篇，针对加工工艺，申请了
发明专利1件。
项目的实施管理规范，经费使用合理，专款专用，该项目已完成了合同书规定的研究内容和考核指标，
提交的验收材料符合项目验收要求，同意通过项目验收。

   (■) 通过    (□)不通过     验收结论：
   (■) 合格    (□)良好验收等级：

验收专家组组长签字：
日  期：

  3

20
13
B0
20
50
30
02
02
0









Received: 16 March 2018 | Accepted: 18 May 2018

DOI: 10.1002/jcb.27157

RE S EARCH ART I C L E

Computational and biochemical studies of isothiocyanates
as inhibitors of proteasomal cysteine deubiquitinases
in human cancer cells

Zainab Sabry Othman Ahmed1,2 | Xin Li1,3 | Feng Li1,4 | Hassan Ali Cheaito1 |
Kush Patel1 | El‐Sayed Mohammed Mosallam2 |
Gehad Abd El‐Fattah Hassan Elbargeesy2 | Q Ping Dou1

1Barbara Ann Karmanos Cancer Institute,
Departments of Oncology, Pharmacology,
and Pathology, School of Medicine,
Wayne State University, Detroit, Michigan
2Department of Cytology and Histology,
Faculty of Veterinary Medicine,
Cairo University, Giza, Egypt
3Department of Biotechnology,
Guangdong Polytechnic of Science and
Trade, Guangzhou, Guangdong, China
4Department of Food Science, College of
Food Science and Engineering, Shandong
Agricultural University, Tai’an, China

Correspondence
Q. Ping Dou, Barbara Ann Karmanos
Cancer Institute, Departments of
Oncology, Pharmacology, and Pathology,
School of Medicine, Wayne State
University, 540.1 Hudson Webber
Cancer Research Building,
4100 John R Road, Detroit, MI 48201.
Email: doup@karmanos.org

Funding information
NCI, NIH, Grant/Award Numbers:
R21CA184788, P30 CA022453

Abstract

Isothiocyanates (ITCs) are natural chemoprotective products found abundantly

in cruciferous vegetables. However, the cancer‐relevant targets and molecular

mechanisms of ITCs remain unclear. We hypothesize that ITCs, as electro-

philes, can interact with the catalytic triads (CYS, HIS, and ASP) of the

proteasomal cysteine deubiquitinases USP14 and UCHL5, ultimately inhibiting

their activities. In the current study, we exploited this possibility by performing

both computational docking and biochemical validation assays using human

breast and prostate cancer cell models. Docking results suggest that benzyl

isothiocyanate, phenethyl isothiocyanate, and DL‐sulforaphane are more potent

inhibitors of UCHL5 than USP14, and these ITCs could interact with the

catalytic triads of UCHL5 and USP14. Indeed, ubiquitin vinyl sulfone assay

confirmed the inhibitory activity of each ITC on the ubiquitin‐binding activity

of UCHL5 and USP14. We also found that inhibition of USP‐14 and UCHL5

activities by the ITCs caused increased levels of USP14 and UCHL5 proteins,

but not the third 19S‐deubiquitinating enzyme (DUB), POH1/RPN11, suggest-

ing feedback loop activation and further supporting that ITCs are inhibitors of

proteasomal cysteine DUBs. Associated with DUB inhibition by ITCs,

ubiquitinated proteins were significantly increased, accompanied with induc-

tion of apoptosis, inhibition of proliferation and suppression of cell invasion.

Our findings of ITCs as proteasomal cysteine DUB inhibitors should provide

insightful information for designing, discovering and developing potent, specific

19S‐DUB inhibitors for cancer therapies.
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