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Abstract: Cancer is one of the most common and widely diagnosed diseases worldwide. With an increase in preva-
lence and incidence, many studies in cancer biology have been looking at the role pro-cancer proteins play. One of
these proteins is the Really Interesting New Gene (RING), which has been studied extensively due to its structure
and functions such as apoptosis, neddylation, and its role in ubiquitination. The RING domain is a cysteine-rich
domain known to bind Cysteine and Histidine residues. It also binds two zinc ions that help stabilize the protein in
various patterns, often with a ‘cross-brace’ topology. Different RING finger proteins have been studied and found to
have suitable targets for developing anti-cancer therapeutics. These identified candidate proteins include Parkin,
COP1, MDM2, BARD1, BRCA-1, PIRH2, c-CBL, SIAH1, RBX1 and RNF8. Inhibiting these candidate proteins provides

opportunities for shutting down pathways associated with tumour development and metastasis.
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Introduction

Cancer is a non-communicable disease that
has been increasing in incidence and preva-
lence globally. According to GLOBOCAN (2021)
[1], the estimated number of new cases in
2020 stood at 19 million, which is predicted to
increase to 28 million by 2040. Currently, the
highest incidence rate globally in both sexes
across all ages is cancer of the breast and lung
[2]. Cancer is caused by uncontrollable cell
growth that can metastasize from primary
tumours [3, 4]. Several factors promote tumour
growth and metastasis: sustaining proliferative
signalling, evading growth suppressors, acti-
vating invasion and metastasis, enabling repli-
cative immortality, inducing angiogenesis, and
resisting cell death; these are known as the
hallmarks of cancer. There are also emerging
hallmarks; avoiding immune destruction and
tumour-promoting inflammation; and emerging
characteristics; genome instability and muta-
tion and deregulation of cellular energetics that
are involved in the development and progres-
sion of cancer [5]. An understanding of these

hallmarks and characteristics can help in the
development of novel therapeutics.

Primary forms of cancer treatment include sur-
gery, radiation therapy and chemotherapy [6].
Additional therapies include the use of newer
drugs serving as Epidermal Growth Factor
Receptor (EGFR) inhibitors, cyclin-dependent
kinase inhibitors, inhibitors of Hepatocyte
Growth Factor (HGF)/Mesenchymal-Epithelial
Transition factor (c-MET) (HGF/c-Met), telomer-
ase inhibitors, Vascular Endothelial Growth
Factor (VEGF) signalling, proapoptotic inhibi-
tors, Bcl-2 homology 3 (BH3) mimetics, im-
mune-activating anti-Cytotoxic T Lymphocyte
Antigen-4 monoclonal Antibody (anti-CTLA4
mADb), selective anti-inflammatory drugs, Poly
(ADP-Ribose) Polymerase (PARP) inhibitors and
aerobic glycolysis inhibitors [5]. Although these
are effective, finding novel therapies targeting a
combination of these factors must be devel-
oped as current therapies only target a single
characteristic of the cancer hallmarks. Targeting
a combination of these characteristics can help
develop more lasting and effective therapies
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[5]. Many challenges still need to be overcome
with various treatments available to help treat
cancer. These include combating drug-resis-
tant cells, difficulty in diagnosis, side effects
caused by multiple chemotherapeutic drugs,
metastasis and more precise targeting of can-
cer cells- specificity [7, 8]. Several promising
molecular targets have been identified in drug
discovery and one of these are E3 ubiquitin
ligases [9]. According to Sun (2003), E3 ubi-
quitin ligases are suitable cancer targets as
they inhibit growth suppression, carcinogene-
sis, and apoptosis. They are also “druggable”
as they can be screened easily for small molec-
ular inhibitors and targeted by specific antibod-
ies [9]. However, one of the main reasons that
E3 ubiquitin ligases are a suitable target is that
they are only expressed in low amounts and not
in normal cells; hence their inhibition would
result in little to no effect on the functioning of
normal, healthy cells. Thus, E3 ubiquitin ligases
are ideal targets for cancer. One of the E3 ubig-
uitin ligases is the Really Interesting New Gene
(RING) finger protein, the most significant type
in the E3 ubiquitin ligase family [9].

RING finger structure and function

Really Interesting New Gene (RING) finger pro-
teins are found in various proteins. Its motif
was first identified in the RING1 gene [10].
The RING finger is a 70-residue cysteine-rich
domain [11], which coordinates eight con-
served cysteine or histidine residues that can
bind two zinc ions (Zn?*) [11, 12]. The RING fin-
ger can have two types of motifs, a histidine
(RING-H2) or a cysteine (RING-HC), which can
be differentiated by their chelating metal resi-
dues [13, 14]. The motifs are arranged as Cys-
X,-Cys-X, 55-Cys-X, ,-His-X, .-Cys or His-X,-Cys-
X, 45°Cys-X,-Cys [13-15]. This arrangement
shows the coordination of pairs 1 and 3 to the
first Zn?* ion and pairs 2 and 4 to the second
Zn?*ion [11, 16], with the formation of a cross-
brace when cysteine and histidine residues
bind [11, 13, 16]. The RING domain can be
classified according to the various patterns
that form, depending on how the Zn?* ions bind;
this includes C3HC4, C3HHC3, C2H2C4, C4C4
and C3HC4, which are the most common [11,
15]. The RING finger consists of an a-helix and
three short-stranded B-sheets, all found close
to each other and arranged next to the Zn?*
ions, where one helps stabilise the two large
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loops within the fold. A homodimer can also
dimerize on the B-sheets, which are essential
characteristics of the RING finger as it helps in
its function [11]. The RING domain is involved in
a variety of functions that include transcription
and translation regulation, proteolysis [16],
negative regulation of tumour suppressors
such as p53 and Rb [17], neddylation [18],
apoptosis and cell cycle regulation [15] with the
essential function being ubiquitination by E3
ubiquitin ligases [11, 15-17, 19, 20].

Ubiquitination

Ubiquitination takes part in cell death, cell sig-
nalling and cell cycle regulation by removing
toxic and damaged proteins and identifying the
protein substrate that needs to undergo ubiqui-
tination [21]. Ubiquitination begins with the
ubiquitin-activating enzyme (E1), which acti-
vates ubiquitin with the help of adenosine tri-
phosphate (ATP). The ubiquitin is then trans-
ferred to the ubiquitin-conjugating enzyme (E2)
by forming a thioester bond between the active
site on the cysteine residue on E1 and the
C-terminal of the carboxyl group of ubiquitin.
From E2, the ubiquitin gets transferred to ubig-
uitin ligase (E3). This transfer occurs through a
catalytic reaction between E3 and ubiquitin.
The ubiquitin is transferred to the lysine resi-
due on the specific substrate that will be found
bound to E3, thus forming an isopeptide bond
between the lysine g-amino group of the sub-
strate and the carboxyl group on the C-terminal
of ubiquitin. This process is repeated until a
ubiquitin chain forms on the substrate. Once a
ubiquitin chain is formed, a signal is sent, and
the ubiquitin, along with the substrate, is sent
for proteasomal degradation to the 26S protea-
some [21-23] (Figure 1). The RING finger is
known as an adapter-type ligase. This means
that it allows a protein substrate and E2 enzyme
to work in conjunction with it. This is done dur-
ing the movement of ubiquitin from the E2 mol-
ecule during ubiquitination transfer without
forming any thioester bonds. However, this is
dependent on the location of the RING domain
[13].

Apoptosis

Apoptosis is a form of programmed cell death
that occurs during a cell’'s development to
maintain homoeostasis in cell populations. It
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Figure 1. A model representing the various targets of RING finger proteins for use in cancer therapeutics. (1) Tu-
mour development can lead directly to metastasis. Metastasis can occur due to overexpression of certain RING
finger proteins such as RBX1; (2) Inducing of certain RING finger proteins such as CBL will lead to neddylation of
the proteins that interact with them; (3) Neddylation causes a conformational change to occur and recruit ubiquitin;
(4) And ultimately lead to proteasomal degradation; (5) Or can lead to apoptosis, which leads to the inhibition of
tumour development; (6) Inducing of RING finger proteins such as Parkin; (7) This will lead to ubiquitination of the
proteins that interact with them and ultimately lead to proteasomal degradation; (8) Or can also lead to mitophagy
through a joint autophagic machinery; (9) The induction of Parkin can also lead to apoptosis; (10) Inhibition of RING
finger proteins such as RBX1; (11) Will cause the inhibition of E3 activity such as ubiquitination; (12) But does lead

to apoptosis and thus inhibiting metastasis.

also occurs when an immune reaction takes
place for defence or when the cell has been
damaged [24, 25]. Chemotherapeutic drugs, as
well as irradiation, can cause cells to have DNA
damage and thus lead to apoptosis using the
p53-dependent pathway [25]. There are two
main pathways in apoptosis, namely the extrin-
sic (death receptor) pathway and the intrinsic
(mitochondrial) pathway [24, 25]. The extrinsic
pathway begins when the death ligand binds to
a death receptor with the help of adaptor pro-
teins, which activates the caspase cascade;
hence the activation of caspase 3 by caspase 8
leads to activating the execution pathway. The
execution pathway begins with endonuclease
activation, degradation of chromosomal DNA,
protease activation, nuclear and cytoskeleton
protein degradation leading to cytomorphologi-
cal changes and finally, the formation of apop-
totic bodies [24, 25]. The intrinsic pathway is
activated by exo- and endogenous stimuli such
as DNA damage, oxidative stress, radiation
therapy, and chemotherapy. This leads to pro-
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apoptotic signalling where mitochondrial mem-
brane perturbation allows for the release of
cytochrome C, where the apoptosome forms
and caspase 9 is activated, which leads to cas-
pase 3 release and thus the execution pathway
[24, 25].

Neddylation

Neddylation is a process like ubiquitination.
This pathway has been found to play a role in
apoptosis, senescence, angiogenesis, immune
response [23], cell cycle regulation [18] as well
as the regulation of protein stability and tran-
scriptional activity [26]. It uses a ubiquitin-like
molecule known as Neuronal precursor cell-
expressed Developmentally Down-regulated
protein 8 (NEDDS). It begins with the adenyl-
ation and activation of NEDDS8-activating
enzyme (NAE) E1. The NAE and a heterodimer
known as Amyloid Precursor Protein-Binding
Protein 1 (APPBP1) and Ubiquitin-like protein-
Activating enzyme 3 (UBA3) form transferred to
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Table 1. Expression pattern of RING finger proteins in
common metastatic malignancies

. RING finger Expression
Malignancy Proteir% Ifattern References
Breast Cancer RNF126 High [28-30]

RNF6 Normal [31]
RNF31 High [32]
RING1 Low [33]
COP1 Normal [34]
BRCA1 High [35]
PIRH2 High [36]
RBX1 Normal [37-39]
SIAH1 Low [40]
RNF8 Normal [41-43]
Prostate Cancer RNF126 High [29, 30]
RNF19A High [44, 45]
RNF6 Normal [31, 46, 47]
RBX1 High [48]
MDM2 Normal [49]
PIRH2 High [36, 50, 51]
RNF8 Low [41]
Lung Cancer RBX2 High [48]
RNF19A Normal [45]
RNF180 Low [52, 53]
RNF38 High [54]
MDM2 Normal [49]
PIRH2 Normal [36, 50, 51]
RBX1 Normal [37-39]
RNF8 High [41]
Kidney Cancer RING1 Low [33]
RNF121 Low [55]
Parkin Low [56]
RNF8 Low [41]
Thyroid Cancer RING1 Low [33]
RNF150 Low [57]
RNF8 Low [41]
Colon Cancer RNF220 High [58]
RING1 Low [33]
RNF2 High [59]
RNF128 High [60]
MDM2 Normal [49]
BARD1 High [61-63]
RBX1 Normal [39]
SIAH1 Low [64]
Parkin Low [65]
RNF8 High [41]
Pancreatic Cancer RNF223 High [66]
RNF13 Normal [67, 68]
MDM2 Normal [49]
Parkin Low [56]
Bone Cancer RNF6 High [69]
PIRH2 High [36]
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either Ubiquitin Conjugating Enzyme E2M
(UBE2M) also known as Ubiquitin Con-
jugating enzyme 12 (UBC12) or Ubiquitin
Conjugating Enzyme E2F (UBE2F), NEDD8-
conjugating enzymes (E2) by a trans-thio-
lation reaction. The NEDDS8 is then trans-
ferred from the E2 of a lysine residue on
substrate-specific E3 ligase (RING Box
protein 1/2 (RBX1/2) or Defective in Cullin
Neddylation protein 1 (DCN1)) through
covalent bonding to the target protein [18,
26, 27] (Figure 1).

Many RING proteins and/or RING-con-
taining proteins have been found to play
various roles and could be used in anti-
cancer therapeutics. Several RING finger
proteins are known to be differentially
expressed in various common metastatic
malignancies; the expression pattern of
these RING finger proteins (specifically
those reviewed in this manuscript) is
shown in Table 1. These RING proteins
include COP1, MDM2, BARD1, BRCA-1,
PIRH2, RBX1, CBL, SIAH1, Parkin and
RNFS8.

RING finger proteins and anti-cancer
drug design

COP1

Constitutive Photomorphogenic 1 (COP1)
is a protein that contains a RING domain.
Itis also known as the RING finger and WD
repeat domain 2 (RFWD2), and it is a con-
served E3 ubiquitin ligase [70, 71]. COP1
is found in many organisms and on chro-
mosome 1g24.1 of the Copl gene in
humans [70]. It consists of three con-
served domains; the RING domain on the
N-terminal, the coiled-coil domain and
seven WD40 repeats on the C-terminal
[72-74]. COP1 may also contain a glycine-
serine-rich 70 amino acid extension at the
N-terminal in the human COP1 [73, 74].
The RING domain of COP1 is a cysteine-
rich domain that binds two Zn?* ions in a
cross-brace formation like most RING
proteins. It follows the RING-H2 motif
and participates in protein-protein interac-
tions [75]. The RING domain interacts with
other proteins, allowing COP1 to play a
role in ubiquitination and other functions
such as nuclear import [74], DNA repair,
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cell cycle arrest and apoptosis [70, 72, 76]. The
RING domain has interacted with tumour sup-
pressor genes such as p53 and p27, thus medi-
ating its degradation [72, 77]. The Polyomavirus
Enhancer Activator 3 (PEA3) group also inter-
acts with RING. It plays a role in ubiquitination
and proteasomal degradation of transcriptional
factors, one of which is Jun Proto-Oncogene
(c-Jun), known to play a role in regulating tumor-
igenesis [70, 73, 78] (Table 2). According to
Song et al. (2020), COP1 can be used as a tar-
get for cancer therapy due to its structure and
function in carcinogenesis. Increasing COP1
expression levels elicits its function as a tumour
suppressor in certain cancers.

MDM2

The Mouse Double Minute 2 (MDM2), also
known as the Human Double Minute 2 (HDM2),
is another RING-containing protein. It is a 491
amino acid residue protein on the 12913-14
chromosome [49, 79, 80]. The protein contains
four conserved regions: the p53 binding
domain, central acidic part, and zinc finger
motif with the RING finger domain at the
C-terminal [79-81]. The RING domain of the
protein is encoded by residues 429-491,
approximately 60 residues long [80-82], and
folds into a C2H2C4 pattern. It follows the
cross-brace motif but with a symmetrical dimer.
Its fold is similar to that of other RING finger
domains, following a BRap fold that binds two
zinc ions and contains a hydrophobic core [80].
The RING domain is involved in protein-protein
and protein-nucleic acid interactions [79]. In
MDM2, the RING domain plays a role in autou-
biquitination of MDM2 and the ubiquitination of
p53 [83]. The RING domain, an E3 ubiquitin
ligase, is well studied primarily on its interac-
tion with p53, where it is found to play a role as
a negative regulator of p53 [79, 80, 84].
Expression levels of MDM2 and p53 are low
during normal cell cycle but increase during
stress conditions [79, 80]. When MDM2 binds
with p53, its conformation and interaction with
other molecules change. This interaction acti-
vates E3 ligase activity on both MDM2 as well
as on p53, thus leading to proteasomal degra-
dation of p53 [49, 85]. Through this interaction,
many possible targets have been or are being
developed for cancer treatment. The first set of
inhibitors was designed to inhibit the interac-
tion of MDM2 and p53, but recently, small mol-
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ecules have been designed to inhibit E3 activity
[49, 80]; these include HDM2 Ligase Inhibitor
98 class (HLI98) and Serdemetan (JNJ-
26854165: a Tryptamine derivative) [49, 85]
(Table 2). Other small molecule inhibitors
include Partheolide and Sempervirine; these
are natural-origin molecules which have not
been clinically tested yet [49] (Table 2). MDM2
is a thoroughly studied protein and is one of the
main targets of drug design in cancer therapy.

BARD1

The BRCA1-Associated RING Domain protein 1
(BARD1) is associated with breast and ovarian
cancer. It is a 777 amino acid residue protein
on the 2934-g35 chromosome [86]. It contains
an N-terminal RING domain and three Ankyrin
repeats (ANK) domains, and on the C-terminal,
there are two tandem BRCA1 C-terminal re-
peat (BRCT) domains [86-89]. The RING finger
domain of the BARD1 consists of approximately
60 residues that form two a-helices and two
B-strands secondary structural el ements, ar-
ranged as af3Ba. Like most RING finger domains,
it contains the conserved eight residues of cys-
teine and histidine that bind two Zn?* ions [90,
91]. BARD1 does not have E3 ligase activity
until it undergoes heterodimerisation with
BRCA1 [92]. Even though the BARD1 RING
domain does not have E3 activity, it is known to
play a role in DNA repair [92, 93]. BARD1 is a
binding partner for BRCAZ1, thus allowing for a
BRCA1-BARD1 heterodimer complex to form
through binding at their RING domains [90, 91,
94]. Inhibition of this binding causes tumorigen-
esis and this is why the heterodimerisation of
BARD1 alongside BRCAL1 is crucial for its struc-
ture-function characteristics [94]. Therefore,
developing drugs for cancer using BARD1 as a
target should involve the induction of the
BRCA1-BARD1 heterodimer complex facilitated
by the RING finger domain.

BRCA-1

Breast Cancer-1 (BRCA1) is a protein involved
in breast and ovarian cancer [90]. It is an 1863
amino acid residue protein that consists of an
N-terminal RING domain and two tandem
BRCA1 C-terminal repeat (BRCT) domains [90,
95, 96]. The RING domain of BRCA1 follows the
C3HCA4 pattern and contains two anti-parallel
a-helices [97]. The RING of BRCA1 has E3 activ-
ity and is also involved in DNA repair [92]. The
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Table 2. Small molecule inhibitors and protein-protein interactions target RING proteins in anti-cancer

therapeutics

Small Molecule Structure of Small

Targe.t Inhibitor/Protein-  Molecule Inhibitors/  Mechanism of Action Clinical Trial References
protein . ) Stage
Protein Partner Protein
COoP1 PEA3 A COP1 interacts with PEA3 No clinical [70]
causing its degradation, lead- trials
ing cancer cell proliferation.
c-JUN COP1 interacts with c-JUN No clinical [70]
causing its degradation, trials
leading to inhibition of cancer
development and progression.
p28 Binds to p53 and inhibits Phase | [70]
COP1-mediated ubiquitination
causing apoptosis of cancer
cells as well as cell cycle ar-
rest.
MDM2 HLI98 o Inhibits MDM2 ubiquitin ligase No clinical [85, 137]
H N NO; activity. trials
NN
R‘I
R
JINJ-26854165 \f“) Inhibits MDM2 ubiquitin ligase Phase | [49]
X \ﬂ activity and has p53 indepen-
A" -
@CQ dent activity.
N
Parthenolide Induces MDM2 ubiquitination. No clinical [49]
,,J\/‘)l ; trials for
[7 =0 cancer
Sempervirine Inhibits MDM2 ubiquitin ligase Preclinical [49]
activity, inhibits MDM2-medi-
ated p53 ubiquitination and
MDM2 autoubiquitination.
BRCA-1 Transplatin Inhibits BRCA-1 E3 ligase Clinically [96]
activity. ineffective
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RBX1 CHK1 inhibitors

MLN4924

CBL MLN4924

SIAH1 N-CoR

DCC

OBF-1

YBX-1

MG132
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Silences RBX1 and thus induc-

ing G, phase arrest in the cell
cycle.

Inhibits the E3 ligase through
deneddylation. leading to
apoptosis.

Inhibits neddylation, thus
inducing apoptosis.

Binding with SIAH 1 promotes
ubiquitination.

Binding with SIAH1 promotes
proteolysis through the ubig-
uitination and proteasomal
degradation pathways.

Binding with SIAH1 promotes
proteasomal degradation.

Binds to SIAH1 and leading
to the ubiquitination of YBX1,
thus stabilizing mMRNAs and
overcoming chemoresistance.

Inhibition of proteasomal
activity, thus inhibiting ubiqui-
tination of SIAH2.

No clinical
trials

Phase Ib/Il

Phase Ib/Il

No clinical
trials

No clinical
trials

No clinical
trials

No clinical
trials

Unknown/
Not Re-
ported

[39, 105]

[38, 105]

[26]

[121]

[119, 121]

[121]

[117]

[119, 138]
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Parkin B5G1 Not Available

Induces mitochondrial apop- Unknown/ [130, 131]

tosis and mitophagy when Not Re-
interacts with PINK1-Parkin ported
pathway.

RING domain allows BRCA1 to cause a double-
strand break [96] and is involved in tumour
suppression [98, 99]. As aforementioned,
BRCA1 binds with BARD1 through its RING
domains forming a heterodimer complex [90,
91, 94]. This heterodimerisation creates a four-
helix bundle, allowing ubiquitin-binding activity
through E2 binding. The E2 enzyme only inter-
acts with the BRCA1 RING domain and not that
of BARD1. However, BARD1 stabilises BRCA1,
so E2 binding takes place [95, 98]. BRCA1 E3
ligase activity is an essential function per-
formed by the RING domain. It targets estrogen
receptor-alpha, CtBP-Interacting Protein (CtIP),
histone protein H2A and the progesterone
receptor leading to changes in gene activation,
DNA condensation and DNA repair. BRCA1 has
also been found to participate in autoubiquiti-
nation [98]. The BRCA1 RING domain has been
used in cancer therapy by targeting the DNA
repair pathway. As E3 ligases play an essential
role in many cell processes, it has become a
suitable drug target and prognostic biomarker
in cancer therapy. There have been possible
uses of the BRCA1 RING as a potential mole-
cular target in disrupting E3 ligase activity. Use
of platinum-based agents (trans-platinum) or
other metal-based drugs that target the RING
domain of BRCA1 to inhibit E3 activity can
potentially improve the efficacy of anticancer
drugs [96] (Table 2).

PIRH2

The p53-Induced RING-H2 protein (PIRH2), also
known as the RING-finger and CHY zinc-finger
domain-containing protein 1 (RCHY1) is an E3
ubiquitin ligase [50, 100-102]. It is found on
chromosome 4p21.1 in humans [51]. It was
first seen interacting with the androgen recep-
tor as an N-terminal interacting protein [50,
101] and is a 261-residue protein containing
three domains: the Amino Terminal Domain
(NTD), RING, and Carboxy Terminal Domain
(CTD) domain. These domains are found on
residues 1-137, 138-189 and 190-261, res-
pectively [102]. The RING domain of PIRH2 is a
cysteine-rich central domain in the form of a
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RING-H2 motif, thus following a C3H2C3 pat-
tern [51, 102-104]. The RING domain folds like
most RING fingers into a globular structure that
binds two zinc ions in a cross-brace formation.
The RING structure for PIRH2 is similar to RING
structures found in RBX1 and MDM2 [102,
103]. Like MDM2, it has been found to partici-
pate in the ubiquitylation of p53 through its
interaction with p53 [50, 100, 102, 103]; this
interaction can suppress transcription activa-
tion, thus degrading p53 using a negative feed-
back loop [100]. The RING domain of PIRH2
has been found to interact with E2, which binds
to the RING domain of PIRH2 through a hydro-
phobic and shallow groove on the surface of
the RING domain; this is essential for E3 liga-
se activity [102, 103]. Sheng and colleagues
looked at developing inhibitors with new tar-
gets for p53-dependent cancer therapy [102].
Developing inhibitors targeting E3 ligase activi-
ty is also being examined to create a new target
in cancer with PIRH2 [51].

RBX1

The RING Box protein 1 (RBX1), also known as
Regulator of Cullins1 (ROC1), is one of the RING
components of the Skp1-cullin-F-box proteins
(SCF), also known as Cullin-based RING ligase
(CRL) protein, is a large family of E3 ligases [37-
39, 105]. RBX1 is expressed in various cancer
types and the expression levels are related to
the survival rates of cancer patients as it
causes cell proliferation of cancer cells [37,
105]. RBX1 is a 108 amino acid residue protein
with a C-terminal RING domain that follows the
RING-H2 motif with a C3H2C3 pattern [38, 39,
105]. Like most RING fingers, the RING domain
of RBX1 binds two zinc ions in a cross-brace
formation [38] and is needed for E3 ubiquitin
ligase activity, whereby E2 binds to the RING
domain [38, 106]. RBX1 is a potential target for
anti-cancer therapy due to its role in cell cycle
regulation, cancer cell proliferation and survival
[37, 39, 105]. When silenced, RBX1 reduces
cell proliferation and causes no apoptosis in
normal cells but increases the number of cell
death in cancerous cells. This shows that RBX1
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can be used to develop siRNA-based therapy,
which silences RBX1 or the use of small-mole-
cule inhibitors that inhibits the activity of E3
ubiquitin ligases such as CHK1 (Checkpoint
Kinase 1) inhibitors and MLN4924 (Pevone-
distat) [38, 39, 105] (Figure 1 and Table 2).

C-CBL

Casitas B-lineage Lymphoma (c-CBL) is a RING
finger protein containing an E3 ubiquitin ligase
[107-110]. CBL is a family of proteins that con-
tain a Tyrosine Kinase-Binding domain (TKB), a
linker region in the N-terminal, a RING domain,
and a proline-rich domain in the C-terminal. The
TKB domain contains 4-helix bundles, a calci-
um-binding EF-hand and an SH2 domain [109-
112]. The RING domain of CBL follows the
C3H2C3 pattern [109, 112] consisting of three
B-sheet strands, an a-helix, and two big loops
stabilized like most RING structures by two zinc
ions [113]. The RING domain in this protein is
known to perform many functions, majorly the
binding of E2 and mediation of ubiquitination
[109, 111-113]. When the TKB domain is phos-
phorylated, it allows the RING domain to have
increased binding affinity to E2 [109]. Other
functions relate to the degradation of Protein
Tyrosine Kinases (PTK) [112] as it promotes the
epidermal growth factor receptor (EGFR) activa-
tion, which is important as it causes auto-phos-
phorylation, thereby leading to multiple mono-
ubiquitination. Therefore, EGFR is downregulat-
ed during ubiquitination [26, 108, 111, 112].
Added to this, the RING domain also partici-
pates in lysosome degradation [24, 77]; it sta-
bilises Transforming Growth Factor-Beta Re-
ceptor Il (TGF-BRII) through ubiquitination and
degradation. The CBL RING domain has also
been found to play a role in the NEDDS8 path-
way, thus promoting protein neddylation [26]
(Figure 1). Due to the relationship between CBL
and EGFR, overexpression of EGFR in certain
cancers can be used as a target for anti-cancer
therapies [26]. Other treatments have looked
at developing small molecules that mimic phos-
phorylated tyrosine, which binds to the linker
region, thus allowing ubiquitination and inhibit-
ing tumour cell growth. Thus, CBL proteins can
be used to help develop anti-cancer therapies
with these proteins as targets [109] (Table 2).

SIAH1

The Seven In Absentia Homolog 1 (SIAH1) is
an E3 ubiquitin ligase, RING-containing protein
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[114-1186]. Itis a mammalian ortholog of Seven-
In Absentia (SIAN) that is highly conserved
[115, 117, 118]. SIAH1 is a 282 amino acid
residue protein [119] that has conserved
domains, namely the RING domain on the
N-terminal that is followed by the Substrate
Binding Domain (SBD) at the C-terminal, which
consists of the SIAN-type Zinc Fingers (SZF),
Substrate-Binding Site (SBS) and the Dimeri-
zation (DIMER) domain [114, 116-118, 120].
The SBS plays a role in substrate recognition,
interaction, targeting, and degradation with the
DIMER specifically found to allow for the forma-
tion of homo- and heterodimers between SIAN/
SIAH proteins [120]. The RING domain of SIAH1
is found to follow the C3HC4 motif [119]. Itis an
E3 ubiquitin ligase involved in the interaction,
modification and targeting of different sub-
strates and regulators, allowing them to per-
form ubiquitin-mediated proteolysis [119, 120].
It also plays a role in complex protein assembly,
protein stability and protein subcellular locali-
sation [114, 120]. The RING domain of SIAH1
has been found to interact with different pro-
teins, leading to proteolysis, which can help
develop anti-cancer therapies. Some of these
proteins include the N-CoR (Nuclear receptor
Corepressor), DCC (Deleted in Colorectal
Cancer) [119, 121], OBF-1 (Oct-Binding Factor
1) [121] and YBX-1 (Y-Box Binding protein 1)
[117] (Table 2). There have been many obsta-
cles in developing anti-cancer therapies with
SIAH1, as it promotes breast cancer metasta-
sis and invasion; hence inhibition of SIAH1
could be used in anti-cancer therapy [122]. Gao
and colleagues (2022) discovered that SIAH1
helps regulate EOC cell drug sensitivity through
the ubiquitin-proteasome pathway by degra-
dation of YBX-1. In addition, the SIAH1-YBX-1-
E2F5/YY1/RCC2 (Seven In Absentia Homolog
1-Y-Box Binding Protein 1-E2F Transcription
Factor 5/Yin Yang 1/Regulator of Chromosome
Condensation 2) axis could be a potential tar-
get. Due to SIAH interaction with adaptor pro-
teins, inhibition of this protein-protein interac-
tion showed potential, even though no possible
ligands have been discovered to be used as a
target [115]. In this light, Stebbins and col-
leagues (2013) showed that covalent peptide-
based inhibitors were more successful and
could be used to develop selective and irrevers-
ible peptide inhibitors for anti-cancer therapeu-
tics (Table 2). As SIAH is involved in signall-
ing pathways during tumour progression, it is
essential to understand these processes and
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their interaction with other proteins when devel-
oping inhibitors for anti-cancer therapy [118].

Parkin

Parkin is a 465 amino acid residue multi-
domain protein consisting of six domains [123-
125]; the Ubiquitin-Like domain (UBL), RINGO,
RING1, In-Between-Ring domain (IBR), Repre-
ssor Element of Parkin (REP) and RING2. The
RING1-IBR-RING2 is also known as the RBR
domain collectively [123, 124, 126, 127]. The
RING domains of Parkin follow the C3HC4 motif
but have different topologies. The RINGO has a
hairpin topology, RING1 follows the usual cross-
brace formation, while IBR and RING2 pursue a
sequential topology as seen in LIM domains
[127]. The RING domains of Parkin are involv-
ed in protein-protein interactions via the E2
enzymes that mediate ubiquitination, with
UbcH7 (Ubiquitin Conjugating enzyme H7) and
UbcH8 (Ubiquitin Conjugating enzyme HS8)
being the two main E2 interacting enzymes
[123, 125]. Parkin also mediates dopaminergic
neuron functioning through the ubiquitination
of substrates such as Parkin-associated endo-
thelin-like receptor (Pael-R), a-synaptotagmin
Xl, Septin-5 (Septb), transcription factor SIM2
(Single-minded homolog 2) [123, 125],
O-glycosylated o-synuclein, synphilin-1 [123-
125], cyclin E and p53 synthase [124, 128].
The ubiquitination of these proteins is primarily
due to their interaction with the C-terminal
RING domains and RBR [125] (Figure 1). It is a
protein often associated with Parkinson’s dis-
ease but has also been found to play a role in
cancer. The Parkin gene has been mutated in
many cancers, and there is a loss of heterozy-
gosity and copy number in breast, ovarian, lung
and colorectal cancer [56, 124, 129]. The over-
expression of the protein inhibits cancer cell
proliferation, whereas the inactivation causes
cancer cells’ proliferation, thus showing Par-
Kin’s role as a tumour suppressor [124]. Fur-
thermore, Parkin promotes cancer cell apopto-
sis by promoting mitochondrial depolarization.
Added to this, it promotes ubiquitination and
degradation of Mcl-1 (Myeloid leukaemia 1)
and Bcl-2 (B-cell lymphoma protein 2) and
opens the Bax/Bak (Bcl2 associated X protein/
Bcl2 Antagonist/Killer protein) channel, thus
allowing the cells to undergo apoptosis [56,
124]. Parkin also plays a role in mitochondrial
autophagy, known as mitophagy, which occurs
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via the Parkin/PTEN-induced kinase 1 (PINK1)
pathway. The mitochondria to be removed
cause the attachment of PINK1, which then
becomes activated and phosphorylates sub-
strates like Parkin and ubiquitin. The recruit-
ment of E2s is then promoted, activating
Parkin, thus catalysing ubiquitination of the
mitochondrial proteins through the RING do-
main. The ubiquitinated mitochondrial proteos-
omes are then joined to the autophagic ma-
chinery, where autophagy is initiated [124,
126, 130, 131] (Figure 1). Understanding these
pathways and mechanisms has been used to
help develop anticancer therapies. One such is
a derivative of Betulinic acid (BA), B5G1, which
has potent anticancer activity in multi-drug
resistant cells by triggering mitophagy depen-
dent on PINK1 and Parkin [130, 131] (Table 2).
Thus, the mitochondria have been identified as
a target for anticancer therapy, where inducers
and inhibitors of mitophagy can be used for
treatment [130].

RNF8

The Really Interesting New Gene (RING) finger
protein 8 (RNF8) is a RING protein that was first
described in 1998. RNF8 is found in different
human tissues except for the spleen on chro-
mosome 6p21.3 [42]. It consists of two con-
served domains, namely the Forkhead-Asso-
ciated (FHA) on the N-terminal; which specifi-
cally binds the phospho-peptide motifs in tar-
get proteins, thus mediating protein-protein
interactions; and the RING finger domain on the
C-terminal, which is found to possess E3 ubiqg-
uitin ligase activity [42, 132]. Like most RING
finger domains, RNF8 follows the C3HC4 motif
that binds two zinc ions [132, 133] and con-
sists of an a-helix followed by a two-stranded
antiparallel B-sheet. It contains an extended
dimeric coiled-coil at the N-terminal and a
C-terminal helix [133]. The RNF8 RING plays a
role in ubiquitination where it interacts with
H2A and H2B histones, allowing them to under-
g0 mono-ubiquitination. This is essential in
DNA damage and mediating the DNA damage
signal, which in turn allows mediating DNA
damage repair and activation of cell cycle
checkpoints, thus maintaining genomic stabili-
ty [42, 134-136]. RNF8 RING also interacts
with class Il E2 ubiquitin ligases such as
UBE2E2 (Ubiquitin Conjugation enzyme E2
E2), UbcH6 (Ubiquitin Conjugation enzyme H6),
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UBE2E3 (Ubiquitin Conjugation enzyme E2 E3)
and UBC13 (Ubiquitin Conjugation enzyme 13),
thus catalysing K48-linked poly-ubiquitination
[42, 132, 133, 135, 136]. RNF8 also recruits
other E3 ligases such as RNF168 to help facili-
tate ubiquitination [43, 136]. Lee and col-
leagues (2016) found that through the K63-
linked ubiquitination, DSB-dissociated RNF8
activates Twist, a chromosome-independent
substrate, and thus promotes epithelial-mes-
enchymal transition (EMT) of cancer cells,
development of cancer stem cells, cancer pro-
gression and chemoresistance. In colorectal
cancer, RNF8 promotes tumorigenesis but also
has tumour suppressor activities in other can-
cer types [42]. There have been several thera-
pies and strategies developed using RNFS8.
Targeting RNF8 has been proposed for breast
cancer as RNF8, when overexpressed, is found
to promote tumour metastasis. Thus, targeting
RNF8 could cause suppression of cancer cells,
thereby increasing the sensitivity of cancer
cells to anti-cancer therapies [132]. Another
proposed treatment targets E3 ligases for the
K63-linked ubiquitination [43]. Thus, it is es-
sential to study these pathways and functions
to develop strategies for the appropriate can-
cer therapy for different cancer types.

Conclusion

Various studies have looked at multiple targets
and proteins for anti-cancer therapy. With the
increasing incidence and prevalence of the dis-
ease, the search for specific cancer therapeu-
tics to combat drug resistance and minimise
the side effects caused by chemotherapeutic
drugs has been increasingly studied. E3 ubiqui-
tin ligases such as the RING finger proteins
have been of interest as a suitable target in
anti-cancer therapeutics due to their various
functions, such as apoptosis and ubiquitina-
tion. Proteins such as COP1, MDM2, BARD1,
BRCA-1, PIRH2, RBX1, CBL, SIAH1, Parkin and
RNF8 have been recognised as suitable tar-
gets in anti-cancer therapy due to the roles
played by their RING finger domains. More so,
some studies have suggested appropriate tar-
gets and drugs for anti-cancer therapeutics tar-
geting ubiquitin pathways. By studying these
pathways and functions, strategies must still
be developed to discover suitable cancer thera-
pies. Presently, various new anticancer treat-
ments have been in the development pipeline,
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but many cancer challenges remain. Although
some treatments have been used for years and
have greatly helped in cancer treatment, the
search for more effective and specific novel
therapies still needs to be developed. The RING
finger domain is now seen as an attractive
druggable target in cancer therapy. Various
RING finger proteins have now been identified
and are being proposed to treat different can-
cer types, usually as inhibitors to tumour devel-
opment and metastasis. Applying these RING
finger proteins as a target in anti-cancer thera-
peutics can ultimately help in the search for
effective anticancer treatment.
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