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. INTRODUCTION

Cancer cells rely on signaling mechanisms thatifaig cell cycle progression and
inhibit cell death, which would otherwise occur doethe accumulation of abnormal stress.
The successful execution of these activities née¢ss the carefully monitored degradation
of particular intracellular proteins through theigubtin-proteasome system (UPS) [1].
Posttranslational modifications (PTMs) refer to #mezymatic and covalent modifications of
proteins that occur after their biosynthesis. Thesalifications are becoming increasingly
important in cancer research due to their involvetnie various biological processes that are
altered in carcinogenesis. These alterations imclughosphorylation, acetylation,
glycosylation, and ubiquitination, and are goverbgdvarious regulatory processes that are
frequently deregulated in the context of canceesBhprocesses include protein assortment,
degradation and recycling, gene regulation, tuneiig pathways, and DNA damage repair.
Given the significant importance and extensive elgslation observed in cancer, there is an
increasing focus on the development of therapesitategies that can selectively target the
ubiquitin and ubiquitin-related pathways, includiNgdd8, in neoplasm conditions. Nedd8
shares a similar enzymatic structural frameworkiliaquitin modification. This framework
studies the involvement of El-activating, E2-comjrgg, and E3-ligating enzymes.
Neddylation plays a pivotal role in the stabilipatiof proteins, regulation of transcriptional
processes, facilitation of epithelial-mesenchynnahsformation, and induction of apoptosis
[2]. The alteration of protein equilibrium is a kelgaracteristic observed in various types of
cancer. The breakdown of cellular proteins camfleenced by various pathways. NEDDS is
classified as a ubiquitin-like protein that undesga@onjugation with target proteins, thereby
exerting a regulatory influence on their functiotyalNEDDylation, a pathway has been
demonstrated to exhibit hyperactivation in can&r [

The research work investigating the involvementN&DDylation in hepatic cancer
cell lines found that neddylation is often sigraintly increased in cancer cells, indicating a
poor outcome for patients. A recent study condudte®021 examined the neddylation
process in lung cancer cells. Attenuation of NEDdDgih in Estrogen receptor (ER)
responsive breast cancer cells enhances the siligigpio Fulvestrant, which may be used
in conjunction with endocrine therapy to treat Eb%ifive breast cancer patients [4]. The
findings revealed that lung adenocarcinoma and requa cell carcinomas exhibited
hyperstimulation of the entire neddylation mechamisncluding NEDD8 enzyme linkage
and the protein NEDDylation [5]. The NEDDS8 conjugat pathway presents an intriguing
option for the exploration of novel drugs, considgrthe essential requirements for the
development of pharmaceuticals. The significangerofein neddylation in several biological
processes is highly important [6].

Notably, a growing body of research sheds lighthenpivotal function of neddylation
in the modulation of the tumor microenvironment (EM Current investigations have
brought attention to the crucial significance o teddylation circuits in the realm of tumor
biology and the process of immune cell developmé&he Neddylation pathway has the
potency to enhance the progression of tumors bemavg various cellular reactions within
tumor cells, such as apoptosis and senescencetidxddiy, it can also influence the
functionality of stromal cells in the tumor micra@mnment, such as angiogenesis and
immune responses. These findings strengthen tlaetide targeting this pathway could serve
as an innovative and promising therapeutic apprdachnti-cancer therapy. An illustrative
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example can be observed in the progress of MLN482zhmpound that is presently under
scrutiny in numerous phase I/1l/1ll clinical triataving to its robust antitumor efficacy and
favorable tolerability in terms of toxicity [5].

1. NEDDylation Mechanism: NEDDylation is a common biochemical process that
encompasses post-translational alteration whehamattivated Neuronal precursor cell-
expressed progressively down-regulated protein BBOD8) conjugates itself to substrate
proteins through the sequential enzymatic cascadeBDylation plays a pivotal role in
maintaining the protein equilibrium for proper ftiooing of cell metabolism [7,8].
NEDDS8 shares 60% homology of the amino acid segsendth ubiquitin. NEDD8 upon
activation, covalently binds to the target substiatoteins via generating an iso-peptide
link with the lysine residue of the target subgtrand glycine residue of NEDDS [8,9].

2. NEDDylation Enzymatic Cascade: The cascade is initiated with the maturation of
NEDDS, involving the elimination of 5 amino acidsigues from the C terminal tail and
parallelly exposing the C terminal of mature NED@8¢onsidered as one of the crucial
steps for the activation of NEDD8 and its downstresystems. This modification being
regulated and executed by specific proteins sucNEEBD8-specific protease (NEDP1)
or SENP8 [10,11]. NEDDS8 activation encompasses Histep mechanism which is as
follows. The first reaction step takes into accothet binding of NAE with the NEDD8-
MgATP complex forming a high-energy acyl adenylatdermediate NEDD8-AMP
releasing Pi [12]. This is followed by the reacttideDDD8-AMP with catalytic cysteine
of NAE, the operative thiol site of the enzyme ¢onfi a thioester bond between NAE and
NEDDS8 and release of AMP. Subsequently anotherda@imMNEDD8-AMP along with the
first yield a ternary complex NEDD8-NAE-NEDD8-AMP hich is able to transfer
NEDDS to one of the E2s [13,14].

Subsequently, the NAE ternary complex is shiftedrnie of the two E2s specific
for NEDDS8, UBC12, and UBEZ2F via trans thiolatioracgon. The specificity for the
interaction among NEDD8 charged NAE and its comesiing E2s is provided by this
transthiolation reaction [15]. NAE has the ability identify its various E2s via the
combinatorial effect of conformational rigidity anthe elasticity of this exact
hydrophobic interaction. As a consequence, the N@&idn cascade integrates
specificity with regard to cullin modification whicis the major substrate of NEDDS.
The 2 Es UBC12 and UBE2F have been shown to netdgjsecific cullins. UBC 12 is
specifically binds to RING box protein 1 (RBX1) whi leading to cullins 1 to 4
NEDDylation in CRL complexes whereas UBE2F pairdwiRBX2 and neddylates cullin
5 alone [16]Figure-1
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Figure 1: NEDDS signalling cascade
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Cullin scaffold is known to initiate conformationehanges in the Cullin-RING
E3 ligase (CRL)composite structure wherein the estiee of NEDD8 alternates the
closed confirmation of the CRL to an active opestesthat modulates proper catalytic
geometrics for a relatableE2 to transfer ubiquibna bound substrate molecule. This
involves ubiquitination by CRLs in mediating varsoaellular developments such as cell
cycle progression, cell growth and survival [17&rBgulation of these NEDDS8 regulated
CRLs is often associated with neoplastic diseases.

. INVOLVEMENT OF NEDDYLATION IN CANCER PROGRESSION

Recent advancements emphasize the imperative ewvaat of the NEDDylation in
cancer research and immunology. The NEDD8 pathwhgws the ubiquitination by CRLs
of proteins and regulates the cellular functionolmed in cell growth and survival. Few
substrate proteins of NEDD8-regulated CRL are @yEj Emil, p27 (cell cycle regulator),
NRF2, HIFX (transcription factors), Cdt-1 (regulator of DNAeptication) whose
dysregulation is often associated with cancer @®gion [1]. This in turn influences tumor
development and alters the activity of stromalscelith in the tumor microenvironment (e.g.,
angiogenesis and immuogenic responses) which supbper fact that it could lead to
promising therapeutic intervention [5]Tdble 1] On one side, NEDDylation is required in
stromal cells for its activation which aids tumaogression whereas on the other way, it
impairs the anti-cancerous action of immune calishsas dendritic cells and T cells [5].
However, one of the studies suggests that theitronbof NEDDylation promotes migration
of cancer cells via upregulation of the ZEB1-HdFaxis [29]. Further HIF stabilization
depends on the NEDDylation during the hypoxic ardative stress condition which have a
significant effect on cell survival [30]. Moreovemin vivo study suggests that inhibition of
NEDDylation by inhibitors induces PD-L1 following BK pathway leading to cancer
immunosuppression which rationalizes the combiyatee of anti-PD-L1 antibody with
MLN4924 [31]

Table 1: Effect of NEDDS8 inhibition in different cancer types

Cancer types | Mechanism References

Breast Cancer « Nuclear localization of NEDDylated PTEN18]
uplifts the inhibition effect on Akt
signaling, thereby inducing tumor growth
and development.

* Moreover, NEDDylated PTEN
dephosphorylates fatty acid synthase
(FASN) which impedes ligation of E3
ubiquitin  ligase TRIM21 for FASN,
facilitating fatty acid synthesis whigh
together suggests that PTEN NEDDylation
augments breast tumorigenesis.
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Lung cancer |+« NEDDylation inhibits chemokine CXCL5 [23,24]

which helps the infiltration of myeloid
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Pancreatic « Knockdown of mediators of NEDDylation[28]

Cancer pathway such as NAE1, Ubcl2, and RBX

1 leads to the significant accumulation
Wee 1, p27, p21 resulting in induction
apoptosis and cell cycle inhibition
Pancreatic cancer.

of
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n
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Involvement of NEDDylation in Breast Cancer: NEDDylation stabilizes HER2 which
gets resistance to degradation and enhances lwaaser development [32]. Another
study suggests that the proteasomal degradati@stobgen Related Recepto(ERRB)
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by NEDDylation is associated with poor prognosiblieast cancer [33]. Aim vivo report
using a chick chorioallantoic membrane (CAM) xeradgmodel suggests that MLN4924
impedes tumor growthin vitro experiments supplementarily conclude that MLN4924
inhibits the downregulation of EfReading to the accumulation of cell cycle inhilbgto
p21 and p27. ERR enhances the promoter activity of E-cadherin. €hellimately
attenuate the migratory capability of breast camedls. MLN4924 is reported to hinder
cell proliferation by inhibiting miR-1303 which iassociated with poor prognosis in
breast cancer patients as it suppresses an inhitiitthe cell cycle i.e., p£P* [34].
Stabilization of SREBP-1 by UBC12 mediated NEDDigat highly impacts the
aggressiveness of breast cancer and the xenograelmndicates that the use of
MLN4924 reverses this detrimental effect [35]. XIARd NEDP1 mediate the ligation of
NEDDS8 to PTEN which promotes nuclear export whetelear methylated PTEN
stabilizes the enzyme fatty acid synthase whidhvslved in mediating tumor growth in
breast cancer [18]. MLN4924 rescues PTEN from rarckxport and constrains Akt
hence suppressing tumor cell proliferation. Morepve-deoxy-D-glucose (2-DG)
decreases PTEN NEDDylation via downregulating tHeNA Level of UBA3 in breast
cancer [36].

2. Nedd8 AsA Therapeutic Target For Cancer: The pathway initiating from translation to
degradation of protein needs to be balanced, herfieencing vital processes as in
cellular pathway, transcription factors. Ubiquitmermediated proteasomal degradation
in cells is vital for upholding protein equilibriunNEDDS8, which balances the turnover
of multiple proteins by degrading them is intridgt@volved in cancer biology. NEDD8
activating enzyme (NAE) is an indispensable proteinthe NEDDS8 conjugation,
influencing cancer cell development and survivabtigh CRLs activity [1]. Targeting the
NAE is a leading tactic for the advancement in eartberapies. By treating MLN4924
(pevonedistat), there is an accumulation of p21 aungimented radiation-induced G2/M
arrest in breast cancer cells [37]. This findingtlué role of NAE in cancer progression
makes it a probable therapeutic option in multiglencer types, resulting in the
advancement into the eary clinical studies [38hadehl study reports that rifampin can be
given in combination with MLN4924 in patients waldvanced solid tumors [39].

However, a combination of drugs with MLN4924 synstigally suppresses tumor
growth capability in breast cancer. Following ane tist of drugs that show synergistic
effect with MLN4924 (Table 2)

Table 2: List of a combinatorial drug acting synergistically with MLN4924 in breast

cancer

Sl. | Combinatorial M echanism Reference

No. | drug

1. MK-2206 Inhibits AKT pathway [40]

2. | Fulvestrant Suppress ERtranscription| [4]
through FOXO3a

3. | Cisplatin Increased the DNA damagdl]
level
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4. | 2-deoxy-D-Glucose Induce apoptosis vig[42]
(2DG) activation of caspase-3

TAS4464 inhibits NAE specifically and effectivelyaving broad antiproliferative
effects on a variety of tumor cell lines as a dr@geclinical studies revealed that
TAS4464's antiproliferative effects grew with da@sel duration, reaching a stagnate after
24 hours. The anticancer effect of TAS4464 is shawroccur via nuclear factaeB
(NFxB) inhibition, thus exerting influence on both ttenonical and noncanonical N&
pathways, according to various studies of myelonwlets [44]. TAS4464's first-in-
human phase 1 trial examined the potency of thg dgainst solid tumors [45].

11.CONCLUSION

The NEDDylation pathway is substantially preseriredertebrates and relatively less
retained in yeast, showing its prevalence duringcEs evolution. Enhanced NEDDS
expression in multiple malignancies and neuroldgiiseases has been reported in several
research studies. NEDDylation contributes to theetitgpment of cancer by mediating the
ubiquitination through CRLs of proteins associatetth cancer cell progression and survival.
According to numerous preclinical investigationsyeral NAE inhibitors and NAE agonists
have promising curative properties. NAE inhibitdid N4924 and TAS4464 are currently
being evaluated in clinical trials to treat diffeteumor types, particularly haematological
tumors. MLN4924 suppresses breast cancer celldseseewal and differentiation properties
and increases their sensitivity to tamoxifen byibiting the initial step of the NEDDylation
chain reaction [46].

Post-translational modifications provide promisthgrapeutic options for inhibiting
tumor growth and improving anticancer action. Itymiae helpful to know how these
processes impact the pathways of signaling thatlaég cancer development and progression
in order to develop specialized medications analttnent plans compatible with the needs of
particular individuals. A growing number of possiltherapeutic targets for the modification
of important cellular processes are emerging asaltrof our growing understanding of the
ubiquitin protostomes system (UPS) and its indimidtomponents. Furthermore, in the last
decade, we obtained a deeper knowledge of how NHEAIOg can be targeted within the
UPS owing to its specific control on CRL activityjjaking it a candidate target for an
effective cancer therapeutic approach. Taking adcount NAE inhibitors, focused research
on inhibiting the E2 and E3 cascade will help dagtter insights into impeding the complete
NEDDylation pathway that will provide a more corecand effective therapeutics strategy.
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