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Ubiquitination is a post-translational modification that is involved in the quality control of proteins
and responsible for modulating a variety of cellular physiological processes. Protein ubiquitination
and deubiquitination are reversible processes that regulate the stability of target substrates. The ubiquitin
proteasome system (UPS) helps regulate tumor-promoting processes, such as DNA repair, cell cycle,
apoptosis, metastasis, and angiogenesis. The UPS comprises a combination of ubiquitin, ubiquitin-
activating enzymes (E1), ubiquitin-conjugating enzymes (E2), and ubiquitin-ligase enzymes (E3), which
complete the degradation of target proteins. Ubiquitin-conjugating enzymes (UBE2s) play an inter-
mediate role in the UPS process by moving activated ubiquitin to target proteins through E3 ligases.
UBE2s consist of 40 members and are classified according to conserved catalytic ubiquitin-conjugating
(UBC) domain-flanking extensions in humans. Since UBE2s have specificity to substrates like E3
ligase, the significance of UBE2 has been accentuated in tumorigenesis. The dysregulation of multiple
E2 enzymes and their critical roles in modulating oncogenic signaling pathways have been reported
in several types of cancer. The elevation of UBE2 expression is correlated with a worse prognosis
in cancer patients. In this review, we summarize the basic functions and regulatory mechanisms of
UBE2s and suggest the possibility of their use as therapeutic targets for cancer.
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Fig. 1. Process of ubiquitin-proteasome system.
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Table 1. Target substrates and biological roles of UBE2s in cancer

E2s Target Biological process References
UBE2A PCNA monoubiquitination DNA repair [25]
H2B monoubiquitination Cell cycle S phase [4]
UBE2B MGMT ubiquitination DNA repair [16]
UBE2C Cyclin A degradation S phase arrest [3, 38]
Cyclin D1 ubiquitination Cell cycle G1 phase [23]
UBE2D p27 ubiquitination Cell cycle S phase [23]
p53 ubiquitination Proliferation [34, 46]
UBE2I PCNA SUMOylation DNA repair [13]
Bcl-2 accumulation Proliferation [20, 24]
UBE2L3 p27 and p53 ubiquitination Cell cycle [41]
UBE2M Wnt/B-catenin activation Apoptosis [2]
UBE2N PCNA polyubiquitination DNA repair [25].
UBE20 c-Maf ubiquitination Apoptosis [42]
UBE2RI Cyclin E-ubiquitin conjugation Cell cycle G1 phase [29]
p27 ubiquitination Cell cycle S phase [12]
Cyclin B1 ubiquitination Cell cycle G2 phase [3]
UBE2S - Cell cycle S phase [40]
p53 degradation Proliferation [1, 28]
UBE2T FANCD2-FANCI monoubiquitination DNA repair [22, 31]
Cell cycle G2/M phase [10]
UBE2V2 PCNA polyubiquitination DNA repair [35]
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Table 2. UBE2s targeting small-molecule inhibitors

E2s Target Mechanisms Efficiency References
CCI-779 UBE2C Inactivation of mTOR signaling Decrease of UBE2C mRNA [39]
CCo651 UBE2R1 p27 accumulation by binding to Allosteric inhibition 5]

non-catalytic site
NSC697923 Inhibition of UBE2N-ubiquitin conjugation Orthosteric [30]
luecettamol A UBE2N  Prevention of UBE2N-UBE2V1 complex Increased hydrogenation [36]
manadosterols A/B Prevention of UBE2N-UBE2V1 complex  more potent than leucettamol A [37]
1J-5 Orthosteric
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