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Abstract

Glioblastoma multiforme (GBM) is an aggressive primary brain tumor and one of the
most lethal central nervous system tumors in adults. Despite significant breakthroughs
in standard treatment, only about 5% of patients survive 5 years or longer. Therefore,
much effort has been put into the search for identifying new glioma-associated genes.
Tripartite motif-containing (TRIM) family proteins are essential regulators of carcino-
genesis. TRIM8, a member of the TRIM superfamily, is abnormally expressed in high-
grade gliomas and is associated with poor clinical prognosis in patients with glioma.
Recent research has shown that TRIM8 is a molecule of duality (MoD) that can function
as both an oncogene and a tumor suppressor gene, making it a“double-edged sword”
in glioblastoma development. This characteristic is due to its role in selectively regulat-
ing three major cellular signaling pathways: the TP53/p53-mediated tumor suppres-
sion pathway, NFKB/NF-kB, and the JAK-STAT pathway essential for stem cell property
support in glioma stem cells. In this review, TRIM8 is analyzed in detail in the context of
GBM and its involvement in essential signaling and stem cell-related pathways. We also
discuss the basic biological activities of TRIM8 in macroautophagy/autophagy, regula-
tion of bipolar spindle formation and chromosomal stability, and regulation of chem-
oresistance, and as a trigger of inflammation.
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Introduction

Glioblastoma (GBM) is a highly lethal brain tumor that can arise from astrocytes,
a type of brain cell [1, 2]. Despite recent advances in diagnosis and treatment, the
prognosis for patients with late-stage GBM is abysmal. The median survival is
14-17 months when treated with conventional multimodal therapy, which primar-
ily includes surgery followed by chemotherapy, radiotherapy, and sometimes steroid
therapy [3, 4]. The failure of these treatments is a direct consequence of glioma stem
cells that are highly resistant to standard chemotherapy and radiation, the large intra-
tumoral and intertumoral diversity that significantly reduces the efficacy of targeted
agents, and the dysregulated cellular metabolism that has evolved to take advantage of
the nutrient-rich environment of the central nervous system [4]. Therefore, it is cru-
cial to understand better which signaling pathways or molecular alterations promote
GBM tumor progression to develop new therapeutic strategies for early diagnosis and
targeted therapy to improve the prognosis of patients with GBM [5, 6]. Members of
the tripartite motif protein family (TRIM) are E3 ubiquitin (Ub) ligases characterized
by the presence of three conserved domains known as RBCC (RING domain, B-box
motif, and coiled-coil domain) [7]. TRIM proteins can regulate various biological pro-
cesses, including viral restriction, cell cycle regulation, DNA repair, apoptosis, stress
response, protein quality control, and autophagy [8]. It is, therefore, not surprising
that their altered expression correlates with many adverse conditions, including con-
genital abnormalities and a higher risk of tumorigenesis [7]. Within the large fam-
ily of TRIM proteins, TRIMS is a well-characterized member of the ubiquitin-related
protein family and is found to operate as an oncogene or tumor suppressor, serving as
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a “double-edged sword” [9]. In addition to the RBCC domains, TRIMS8 protein con-
tains a nuclear localization signal (NLS) that is required for nuclear localization. The
TRIMS coiled-coil domain enables the formation of nuclear bodies (NBs), which are
important interchromatin structures, implying that TRIMS8 regulates the function of
important cellular proteins via protein—protein interactions [10]. The TRIMS8 gene is
located on chromosome 10q24.32, an area known to have extensive deletion or loss of
heterozygosity in 88% of GBMs. However, this deletion does not result in a reduction
in TRIMS protein, leading to the alternative name GERP (glioblastoma-expressed
RING finger protein) for the gene product [11]. Few studies have been performed to
thoroughly understand the activities and underlying mechanisms of TRIM8 in GBM
[12]. TRIMS8 can respond to various stimuli, including genotoxic stress and viral or
bacterial attack. Moreover, TRIMS is critical in many biological processes, including
cell survival, innate immune response, carcinogenesis, autophagy, apoptosis, differ-
entiation, and inflammation. TRIMS has either a tumor suppressive or an oncogenic
function regulating the proliferation of GBM cells. The importance of TRIMS in
modulating the p53 tumor suppressor pathway indicates that it plays a tumor-sup-
pressive role in GBM. In contrast, a number of oncogenic mechanisms have been pro-
posed for TRIMS, as it is involved in the positive regulation of NF-kB (nuclear factor
kappa-light-chain-enhancer of activated B cells) and JAK-STAT signaling pathways,
promoting tumor development and progression [13]. Brat et al. demonstrated that
upregulation of TRIMS8 in adult tissues and a variety of tumors, particularly GBM,
correlates with higher-grade cancer, massive tumor size, and increased stem cell for-
mation and self-renewal ability of cancer stem cells (CSCs) [14]. Regarding TRIM8
tumor suppressor activity, Micale et al. showed that restoring TRIMS8 expression in
patient glioma cell lines inhibits tumor development and significantly reduces clono-
genic potential [15].

In the present review, we sought to elucidate both the tumor suppressive and onco-
genic functions of TRIM8 and the underlying molecular networks in GBM. Our findings
contribute to a better understanding of TRIMS8 and provide clues for developing a new
approach to the treatment of GBM cancer.

TRIMS8 acts as a novel marker for malignant glioma stem cells

GBM is the most common and lethal type of primary brain tumor, even after treatment
with standard therapies. Over the past decade, glioblastoma stem cells (GSCs) have
been extracted from GBM and characterized. These cells have likely played a critical
role in tumorigenesis and therapy resistance due to their unique properties, such as self-
renewal and pluripotency, suggesting that GSCs are a new effective target for treatment
[16]. Therefore, searching for regulators that effectively enhance the stem-like prop-
erty of GSCs may provide clues for innovative treatments. Zhang et al. reported that
the expression of TRIMS is consistently correlated with stem cell markers or other tran-
scription factors such as PROM1/CD133, NES (nestin), SOX2, and MYC/c-MYC, and
partially correlated with OLOG2 and NANOG, and therefore could promote stem cell
property in GBM [14]. They observed that overexpression of TRIMS results in increased
expression of these stem cell markers and transcription factors involved in the expres-
sion of two distinct groups of genes: those engaged in tumor dedifferentiation status and
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stemness acquisition [9, 14]. They also found significant MKI67/Ki-67 protein expres-
sion in GSCs overexpressing TRIM8 [14]. MKI67 is a protein commonly used as a cell
proliferation marker, and its increased expression in human cancer tissues is closely
associated with worse histological grade [17]. They concluded that overexpression of
TRIMS not only correlates with the expression of stem cell markers and transcription
factors in GSCs but also increases stem cell activity. Knockdown of TRIMS inhibits
self-renewal of GSCs, and the expression of stem cell markers and transcription factors
such as NES, SOX2, and, to a lesser extent, PROM1/CD133 and MYC are significantly
impaired. The expression of MKI67 is also reduced, suggesting lower cell proliferation
after TRIMS8 downregulation [14].

Further investigation of the mechanisms behind the effect of TRIMS8 on stem cell main-
tenance and the ability of GSCs to self-renew revealed that TRIM8 acts mainly by stim-
ulating the JAK-STAT signaling pathway [14, 18]. Protein inhibitor of activated STAT
(PIAS) plays a crucial role in regulating the balance and steady state of signal transducer
and activator of transcription (STAT) by decreasing the activity and translocation of
this protein [19]. PIAS3 specifically interacts with phosphorylated STAT3 via the latter’s
DNA-binding domain, thereby inhibiting its physical binding to target genes [20, 21].
Activated STATs are critical regulators of GSCs and are involved in various physiological
processes, including immortalization and inhibition of differentiation. TRIMS8 interacts
with PIAS3 and inhibits its activation, either by degrading PIAS3 through the ubiquitin—
proteasome machinery or by significantly reducing its nuclear translocation, resulting in
enhanced STAT3-mediated support of stem cell properties in GSCs.

STATS3 is an essential regulator of normal stem cells and cancer stem cells; it mainly
transmits signals from cytokine-stimulated receptors in the plasma membrane through
interactions with importins into the nucleus, where they regulate gene expression
directly or indirectly via other transcription factors involved in maintaining undifferenti-
ated phenotype in stem cells and cancer stem cells [22]. STAT3 exerts its effect on GSCs
by binding to and inducing the expression of promoters of genes encoding transcription
factors essential for maintaining self-renewal or pluripotency, such as SOX2, POU2F1/
OCT1, NES, PROM1/CD133, and MYC [23, 24]. Studies have shown that the knock-
down of TRIMS inhibits stem cell formation and self-renewal capacity of GBM and leads
to glial differentiation. Moreover, STAT3 promotes the expression of TRIMS, resulting
in a positive continuous feedback cycle between TRIMS8 and STAT3 [18]. The discovery
of the positive TRIM8-STAT?3 feedback cycle in GSCs sheds new light on the possibil-
ity of disrupting the positive feedback loop by targeting either TRIM8 or STAT3 and
opens new opportunities for developing treatments that affect pluripotency in GSC and
other malignancies with TRIM8 overexpression (Fig. 1) [25]. Further research is needed
to understand the pathways that lead to increased TRIMS transcription in response to
STAT3 activation. The TRIMS8 promoter contains two potentially conserved STAT3
binding sites and several MYC and POU2F1/OCT1 transcription binding sites [14].
Therefore, STAT3 could either directly or indirectly activate TRIMS8 transcription via
MYC and POU2F1/OCT1 [26, 27].

In addition to positively regulating the JAK-STAT signaling pathway in GSCs, TRIMS8
also positively regulates the NF-«kB signaling pathway. The NF-«B pathway activates
the expression of GSC-associated genes such as CD44/HCAM, SOX2, and NANOG.
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Fig. 1 Schematic representation of the TRIM8-PIAS3-STAT3 pathway, which leads to therapeutic resistance
in GSCs. TRIM8 induces ubiquitin-mediated proteasomal degradation of PIAS3 and SOCS1, contributing

to activation of STAT3 and subsequent promotion of expression of GSC-related markers and transcription
factors, including MYC, SOX2, PROM1/CD133, POU2F1/0CT1, NANOG, MKI67, and NES. These markers

and transcription factors play a functional role in stem cell acquisition, inhibition of differentiation, and
enhancement of stem cell activity in this tumor type. In addition, STAT3 increases TRIM8 expression, leading
to a positive TRIM8-STAT3 feedback loop in GBM. This offers new insight into how targeting TRIM8 or STAT3
could effectively affect GBM self-renewal and tumor growth

TRIMS, through its role as a crucial activator of NFKB, enhances signaling pathways
initiated by proinflammatory cytokines such as TNF/TNFa (tumor necrosis factor) and
IL1B/IL-1p (interleukin 1 beta) [28, 29]. In particular, TNF-induced NFKB activation is a
critical regulator of cell survival and apoptosis, which has implications for various physi-
ological and pathological conditions, including cancer [28]. Li et al. demonstrated that
TRIMS8 mediates K63-linked polyubiquitination of MAP3K7/TAK1 (mitogen-activated
protein kinase kinase kinase 7) at the K158 residue, which is associated with MAP3K7/
TAK1 activation in TGFB/TGEP signaling [30]. Subsequently, activated MAP3K7/TAK1
led to phosphorylation and degradation of NFKBIA/IkBa, an essential NFKB inhibitor
protein [9, 30]. Once NFKBIA is degraded, the NFKB transcription factor translocates
to the nucleus. It promotes the expression of key stem cell transcription factors that ulti-
mately mediate fundamental elements of GSC biology, including self-renewal, prolifera-
tion, and metastasis, either alone or in collaboration with other signaling pathways.
Tomar et al. identified another possible mechanism by which TRIMS triggers NF-KB
activation. PIAS3 inhibits NFKB-dependent transactivation by binding to RELA/p65
and affecting the transcriptional activity of RLA/p65 in the nucleus. The SUMOylation
of endogenous RelA by PIAS3 mediates negative regulation of the NF-«B transcription
factor [28]. TRIMS interacts with PIAS3 and mediates its transport from the nucleus
to the cytoplasm and its degradation [31]. Nucleocytoplasmic translocation of TRIMS8
is required for positive control of NFKB activation [28]. Tomar et al. have observed the
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function of TRIM8-induced NFKB regulation and its nuclear localization for the migra-
tory and clonogenic abilities of HEK293 cells [28]. This finding of TRIM8-mediated
enhancement of cell motility and clonogenic capacity needs further investigation, as it
may provide important information about the role of TRIMS8 and establish links between
inflammatory responses and cancer [18, 32, 33].

The pathways that stimulate TRIM8 or induce its enhanced expression in GSCs are
unclear. Toniato et al. showed that TRIMS interacts with SOCS1 (suppressor of cytokine
signaling 1) both in vitro and in vivo. This association requires the SH2 domain and the
SOCS box of SOCS1 [34]. This interaction decreases the stability and abundance of the
SOCSI1 protein, resulting in decreased suppression of IFN-induced JAK-STAT activa-
tion. As described previously, specific cytokines, such as IFNG/IFN-y and IL1, can
increase TRIM8 mRNA expression via a positive continuous feedback cycle between
STAT3 and TRIMS8 [35, 36]. The mechanism by which SOCS1 decreases JAK-STAT
signaling is partially known. The SOCS protein family plays a critical negative regula-
tory role in cytokine-mediated JAK kinase signaling [37]. SOCS proteins can interfere
with cytokine signaling through two distinct pathways. They serve as ubiquitin ligases
for ubiquitination-dependent regulation of signaling components or directly inhibit JAK
tyrosine kinase receptors via their kinase inhibitory domains (KIRs) [37, 38]. Interleu-
kin 6 (IL6) is another potent trigger of TRIM8 in GSCs. Abnormal IL6 production and
signaling significantly increase STAT3 activity in GSCs, and recent research shows that
this is closely linked to their ability to self-renew via binding to the IL6R/IL-Ra receptor.
Thus, IL6 increases TRIMS8 expression in GSCs via STAT3 activation [39]. Interestingly,
increased IL6 levels lead to a dose-dependent increase in TRIMS8 protein expression.
Other cognate receptors and associated signaling cascades that promote STAT3 activa-
tion in GSCs, such as EGFR, NOTCH, and KDR/VEGEFR, may also enhance TRIMS in
GSCs through positive interactions between TRIM8 and STAT3 [40, 41].

TRIMS, a double-edged sword in glioblastoma
In contrast to previous data demonstrating the oncogenic role of TRIMS8 in GSCs, stud-
ies now also indicate the tumor-suppressive function of TRIM8 in GBM. Micale et al.
showed that TRIMS8 expression is significantly decreased in patients with glioma at high
risk of mortality and higher risk of disease progression. The expression of TRIMS in
grade IV gliomas is considerably lower than in grade III gliomas, indicating a negative
correlation with higher-grade GBM [15, 42]. The authors observed that overexpression
of TRIMS8 decreases cell proliferation by approximately 25% and results in a significant
reduction in clonogenic potential as an indirect indicator of tumorigenic potential, sug-
gesting that TRIMS has proliferation inhibitory properties in patients with glioma [43].
A possible target of MIR17 is TRIMS, which regulates TRIMS8 expression at the tran-
scriptional and posttranscriptional levels. Suppression of MIR17 significantly decreases
cell viability and enhances apoptotic activity in glioma cell lines, and overexpression of
this miRNA has been associated with accelerated tumor growth and poor overall sur-
vival in gliomas [44]. Thus, these findings suggest a feedback loop between MIRI7 and
TRIMS [15, 43].

Okumura et al. showed that TRIMS8 binds to HSP90 in embryonic stem cells and
specifically inhibits transcription of NANOG, a master regulator of pluripotency, by
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preventing excessive signal transduction via STAT3 [45]. HSP90, a molecular chaperone,
is one of the endogenous binding partners of TRIMS8 and facilitates the translocation of
activated STAT3 into the nucleus. In stem cells, TRIM8 suppresses the translocation of
the HSP90-STAT3 complex into the nucleus, modulating Nanog transcription but not
that of other transcription factors such as POU5F1/OCT3/OCT4 and SOX2 via STAT3
[46]. Suppression of TRIMS8 increases transcription of Nanog in mouse embryonic stem
(ES), suggesting that TRIMS plays an essential role in controlling STAT3-mediated sign-
aling in ES cells. In contrast, the expression of TRIMS results in the spontaneous dif-
ferentiation of stem cells [45, 46]. Therefore, TRIMS is thought to be a dual positive and
negative regulator of stem cell properties, and its expression must be tightly regulated at
an appropriate level to maintain stem cell pluripotency. It is still unclear how TRIMS8 can
maintain GSC self-renewal capacity and alter its mechanism to reduce glioma cell prolif-
eration and clonogenic potential.

Recently, TRIM8 was found to be involved in several cellular signaling pathways criti-
cal in cancer suppression. The tumor suppressor and transcription factor TP53/p53
is one of the most critical factors in controlling cell proliferation and is deregulated in
nearly 84% of patients with GBM. The tumor suppressor TP53 modulates the expression
of genes involved in cell cycle arrest, DNA damage response, and programmed cell death
(apoptosis) [47]. Under various stress conditions, such as UV radiation or genotoxic
stress, TP53 directly targets the TRIMS8 gene and induces its expression. In a positive
feedback loop, TRIMS interacts with TP53 and impairs its interaction with MDM2, a
negative regulator of TP53, thereby increasing TP53 stability [48, 49]. TRIMS8-stabilized
TP53 mediates G1 cell cycle arrest through increased expression of CDKN1A/p21 and
GADDA45 [48]. At the same time, TRIMS8 induces polyubiquitination and degradation of
MDM2, which further promotes TP53-dependent cell growth arrest [49]. This suggests
that TRIMS8 not only plays a role in enhancing the efficacy of chemotherapeutic agents
by reactivating the TP53 pathway but may also be an alternative pathway to increase
TP53 activity in malignant cancers; thus, an increase in TRIM8 expression could be used
as an enhancer of chemotherapy efficacy in a TP53 wild-type background [50].

Other studies by Mastropasqua et al. have expanded the understanding of the
molecular mechanisms underlying the downregulation of TRIMS8 in oncogenesis and
chemoresistance [51]. The authors found that TRIMS is negatively associated with
MIR17-5p and MIR106B-5p, both of which are overexpressed in many different chemo/
radioresistant cancers, resulting in a lack of TP53 protein activation by disrupting the
positive feedback loop between TRIMS8 and TP53 [51]. The oncoprotein MYCN/N-
MYC, typically overexpressed in GBM, stimulates MIR17-5p and MIR106B-5p tran-
scription, highlighting its role as an oncogene. Along these lines, activation of TRIM8
in TRIMS8-deficient cells improves the efficiency of chemotherapy in resistant cancer
cell lines. This occurs not only by reactivating the tumor suppressor function of TP53
but also by enhancing the transcription of MIR34A, which suppresses the activity of
MYCN [52, 53]. As a result, these miRNAs no longer silence TRIMS8. However, in other
cases, simultaneous activation of TRIM8 and TP53 may lead to adverse effects, such as
in response to hypoxic stress caused by ischemia after stroke or myocardial infarction
[54]. Recent findings in clear cell renal cell carcinoma (ccRCC) have shown that a higher

percentage of wild-type TP53 is present in most aggressive drug-resistant cell lines,
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highlighting the significant association between TRIMS8 deficiency, TP53 inactivation,
and chemoresistance. Restoration of TRIM8 expression in ccRCC cell lines decreases
cell growth rate in a TP53-dependent manner.

Interestingly, restoration of TRIM8 expression makes the cells more susceptible to
therapy with axitinib and sorafenib, two specific drugs now used to treat a variety of
malignancies, including ccRCC [48, 50]. However, another study found that suppression
of TRIMS in Ewing sarcoma cells increases DNA damage and makes the cells susceptible
to DNA damage inhibitors such as olaparib. More in-depth research on TRIM8-medi-
ated regulation of TP53 activity or its anti-cancer capacity will significantly enhance our
understanding of the complex framework based on TP53 dynamics and provide better
insight into the ability of TRIMS to restore the native conformation of TP53 mutants
and reactivate its tumor-suppressor function.

In cancer cells, chromosomal abnormalities often lead to increased transcription fac-
tors (TFs) activity and form a class of driving oncoproteins that are difficult to target
effectively. Recent research has shown that TRIMS8 plays a vital role in the degradation
of certain oncoproteins [55, 56]. Stegmaier et al. found that TRIMS8 degrades the EWS/
FLI oncoprotein, a driving fusion TF in Ewing sarcoma, and is associated with improved
overall survival. Ewing sarcoma is defined by a genome translocation combining the
EWSR1 transactivation domain with the FLI1 DNA-binding domain. EWS/FLI is a TF
that recruits chromatin remodeling complexes such as the BAF complex to gain access
to packed chromatin [57]. The results of Stegmaier et al. have shown that EWS/FLI can
be indirectly targeted by TRIMS, opening a new therapeutic window for treating Ewing
sarcoma by targeting TRIMS8 [55].

TRIMBS is involved in a number of critical cellular processes, including carcinogenesis,
autophagy, innate immunity, apoptosis, differentiation, and inflammatory responses, and
is closely related to DNA repair, metastasis, tumor suppressive regulation, and carcino-
genic regulation. In the following section, we review some essential cellular processes in
which TRIMS8 has tumor suppressive or oncogenic functions. These include autophagy;,
regulation of bipolar spindle formation and chromosomal stability, regulation of chem-
oresistance, and induction of inflammation.

Autophagy

Autophagy supports cellular fitness by directing poorly functioning proteins, damaged
DNA, aggregates, and damaged organelles to lysosomes for degradation, and it is criti-
cal for providing energy and macromolecular precursors for cancer cell progression
[58-61]. TRIMS is particularly important in cancer, where autophagy promotes and
inhibits tumor growth. TRIMS is emerging as a critical regulator of cell survival under
various genotoxic stress conditions by promoting autophagy flux and regulating lysoso-
mal biogenesis [9, 62]. This function can improve cancer cell survival under genotoxic
stress conditions by allowing cells to repair DNA damage through autophagy, reducing
cytotoxicity, and protecting cells from the cell death response after DNA damage so that
cell repair and proliferation can continue [13]. Autophagy triggered by genotoxic stress
plays an essential role in cell survival and death. Roya et al. have shown that TRIMS is
stable and exhibits a high turnover under genotoxic stress conditions [62]. TRIMs form
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homo- and hetero-oligomers with other TRIMs and become either indirectly ubiquit-
inated via their binding partner or directly ubiquitinated due to their innate ubiquitin
ligase activity, modulating their turnover under various pathophysiological conditions
(62, 63].

The ubiquitin ligase activity of TRIMS via its RING domain as a posttranslational
modification is required to regulate autophagy pathways positively. For instance, pol-
yubiquitin chains linked via the Lys63 residue of ubiquitin are involved in the signal-
ing cascades associated with autophagy and recruit several ubiquitin-binding proteins
such as IKBKG/NEMO, the regulatory subunit of the IkB kinase (IKK) complex. These
ubiquitin-binding proteins are necessary for TNF- and IL1B-mediated NFKB activa-
tion [64, 65]. TRIMS indirectly modulates transcription of autophagy-regulating genes
via activation of NFKB. NFKB transcription factors have been shown to be crucial
triggers of autophagy and can trigger this process by inducing the expression of genes
or proteins involved in the machinery that generates phagophores, such as BECNI,
ATG5, and MAPILC3/LC3 [66, 67]. Interestingly, TRIM8 may indirectly regulate the
level of SQSTM1/p62 (sequestosome 1), a pleiotropic protein that functions as a selec-
tive autophagy receptor and promotes mitophagy, thereby promoting tumorigenesis
(68, 69]. These results highlight the intricate interaction between the TRIM8-mediated
regulation of SQSTM1/p62 and its potential function beyond autophagy and cancer.
Etoposide, a genotoxic agent, causes apoptosis through the involvement of the effector
caspase 3 (CASP3) [70]. Studies have shown that autophagy regulated by TRIM8 can
induce the degradation of activated CASP3, one of the significant cysteine proteases of
the apoptotic cascade, to prevent cell death caused by genotoxic stress [62]. In addition,
TRIMS regulates cell death and autophagy by stabilizing XIAP/IAP3 (X-linked inhibitor
of apoptosis) [71]. XIAP can interrupt both the “extrinsic” and “intrinsic” death path-
ways by directly inhibiting the proteolytic activity of CASP9 and the effectors CASP3
and CASP7 via its BIR domains. XIAP forms a multiprotein complex with CASP3 dur-
ing genotoxic stress and inhibits its cleavage and activation [71, 72]. XIAP activates
NFKB-dependent transcription via its NH2-terminal baculovirus inhibitor of apoptosis
protein repeat (BIR) domain by activating SMAD signaling. SMAD signaling activates
the expression of autophagy-related genes and the MAPK/JNK pathway. Conversely, the
MAPK/JNK pathway can switch to the NFKB signaling pathway (Fig. 2) [73, 74]. Thus,
TRIMBS prevents cell death upon genotoxic stress and radiotherapy by these novel mech-
anisms, suggesting that the high oncogenic potential of TRIM8 may support cancer cell
viability [62].

Suppression of autophagy as a biological protective process against environmen-
tal and cellular stress has been investigated as a cancer therapy target, as it may pre-
dispose cancer cells to various treatments, such as exposure to DNA-damaging agents
and radiation. The difficulty of acting directly on the components of autophagy—which
play essential roles in normal cell physiology, and autophagy-related proteins partici-
pate in other cellular processes—could be reduced if there were a way to target cancer-
promoting autophagy while allowing different types of autophagy to function efficiently.
In principle, this can be achieved by targeting proteins with autophagy-specific activi-
ties rather than the core components of the machinery or lysosomal function to prevent
complete autophagy. One proposed approach is to use the TRIM proteins due to their



Hosseinalizadeh et al. Cellular & Molecular Biology Letters (2023) 28:6

TNFo,IL-18

CYTOKINE RECEPTOR<E:N_Y

i ] ]

CELL MEMBRANE

KK
COMPLEX
NEMO

96 degradation
Promoting Protecting cells
B

/ tumorigenesis from cell death

(Lys63- |'"'®K @a/) KBa even under stress  response from
—>

Polyubiquination) ° conditions

Smad
signals
(NF-KB),
ECN1
ATG5

DNA damage

—> Promote

I ” Higxgg“i?ﬁihil‘iiﬁim
Fig. 2 Schematic representation of the oncogenic activity of TRIM8 as a positive regulator of TNF- and
IL1B-triggered NFKB and transcriptional induction of genes involved in autophagosome formation. The

TNF and IL1 family of cytokines are the best-characterized triggers of autophagy through activation of
NFKB. TRIM8 is important for TNF- and IL1B-induced NFKB activation by interacting with MAP3K7/TAK1,
which is required for NFKB activation, and mediating K63-linked polyubiquitination. The MAP3K7/TAK1-TABs
complex phosphorylates IKBKB/IKKB and CHUK/IKKa, which further activate the NFKB transcription factor by
phosphorylating and degrading NFKBIA/IkBa (NFKB inhibitor alpha). Once degraded, the NFKB dimer (RELA/
p65-NFKB1/p50 subunits) translocates to the nucleus, where it binds to the DNA consensus sequence of
genes involved in autophagy induction, such as BECN1, ATG5, MAP1LC3/LC3, and SQSTM1/p62. These genes
are involved in lysosome biogenesis and autophagy flux, which in cancer cells promote tumorigenesis even
under stress conditions and protect cells from cell death due to DNA damage. TRIM8 also counteracts the
negative effect of PIAS3 on NFKB through polyubiquitination and degradation of PIAS3. Upon genotoxic
stress, TRIM8 stabilizes XIAP, leading to activation of NFKB via the activating SMAD and MAPK/JNK signaling
pathways. As a result, apoptosis in cancer cells is suppressed and cell growth is positively controlled.
Cytokines such as IFNG and IL1 increase TRIM8 expression through activation of the JAK- STAT pathway and
due to the existence of a continuous positive feedback loop between STAT3 and TRIM8

[ Lysosome
biogenesis

Autophagy
flux

Lcs

P62/
SEQUESTOSOME:

role in autophagy regulation, demonstrating the great potential of modulating TRIMs in

oncogenesis or cancer progression.

TRIM8 controls bipolar spindle formation and chromosomal stability

The formation of a bipolar spindle, which divides and separates the duplicated chro-
mosomes during cell division, is one of the most critical processes in cell division. The
controlled alignment of microtubules (MT) and the combined forces exerted by highly
conserved motor proteins, including kinesins and dyneins, are also required to prop-
erly separate the duplicated chromosomes [75]. When duplicated chromosomes are not
properly segregated due to defective formation of the bipolar spindle, chromosome mis-
segregation and aneuploidy occur. Cancer cells typically exhibit a higher rate of chro-
mosome mis-segregation and an aneuploid karyotype [75, 76]. E3 ubiquitin ligases are
post-translational modifiers that facilitate the binding of ubiquitin to target proteins
involved in the control of mitotic spindle machinery, including the TRIM protein family,
whose dysregulation has been linked to a number of human diseases, including cancer

Page 10 of 20
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[77]. A variety of TRIM proteins are important in mitotic and cell cycle transitions. In
particular, interest in TRIMS8 has increased dramatically in recent years. Studies have
shown that TRIMS is critical for the maintenance of genome integrity during cell divi-
sion and the formation of the mitotic spindle machinery during mitosis [78]. TRIMS8-
silenced cells are responsible for a significant portion of the aneuploidy phenotype due
to delayed progression through the G2/M phase of the cell cycle associated with centro-
some and mitotic spindle abnormalities [78]. TRIMS8 regulates cell cycle progression and
mitosis by affecting cell cycle checkpoints and critical mitotic regulators and indirectly
interacts with various motor microtubule-associated proteins (MAPs) such as kinesins
[79].

Venuto et al. demonstrated that TRIMS8 is found at the mitotic spindle during all
phases of the cell cycle and interacts with KIFC1/HSET, KIF11/Kinesin-5/Eg5, KIF20B,
and KIF2C, which are involved in the development of a bipolar spindle during mito-
sis, suggesting, that TRIMS plays an essential role in determining cell polarity from the
onset of centrosome duplication at the G1/S transition to the end of mitosis, where a
cell divides into two identical daughter cells, a fundamental process in eukaryotic life
mediated by microtubules and members of the kinesin family [79]. This physical con-
tact between TRIM8 and KIF11 or KIFC1 is critical for proper microtubule assembly,
ensuring the active structural configuration of these proteins and their mutual alignment
along the mitotic spindle [80, 81]. KIFC1, an important member of the KIF14 superfam-
ily in neurons with a specific minus-end directed motor, has also been associated with
endocytic vesicle motility and cleavage [82], oocyte maturation [83], and long-distance
transport of naked double-stranded DNA [84]. KIFC1 and KIF11 work together to pro-
mote microtubule aster formation, centrosome segregation, and proper spindle organi-
zation [85]. Impaired expression of KIF11 or KIFC1 is responsible for the abnormal
spindle phenotype [86]. In particular, inhibition of KIF11 function by immunodepletion
or knockdown of KIF11 mRNA by small interfering RNA leads to cell cycle arrest in
mitosis with monopolar spindle phenotype [86]. Considering the biological functions
of KIF11 and KIFC1, TRIMS, with its E3 ubiquitin ligase activity, is likely involved in
mitosis via ubiquitination of KIF11 and KIFC1 proteins in GSCs. KIF11 and KIFC1 are
increased in GBM and are associated with the increased proliferation, self-renewal, and
invasive behavior that are hallmarks of this brain tumor [80, 87]. KIF11 is increased in
glioblastomas and is inversely related to overall survival. This protein promotes stem cell
formation in glioma cells and increases cell proliferation and chemoresistance in malig-
nant brain tumors [88, 89]. The Cancer Genome Atlas/TCGA data revealed that KIF11
is highly expressed in grade IV tissues compared with lower-grade and normal tissues. It
is suggested that, in GBM, the E3 ubiquitin ligase function of TRIMS is disrupted with
KIF11 and KIFCI, resulting in increased expression of the latter proteins [90]. This find-
ing implies that other TRIM proteins may have similar functions in transporting motor
proteins or be transported as cargo within the cell.

Studies have shown that TRIMS8 plays an important role in the progression of centro-
some duplication. TRIMS localizes to centrosomes and colocalizes with PLK1 (polo-like
kinase 1), a human protein kinase with high sequence similarity to Cdc5 in Drosophila,
and interacts directly with the centrosomal protein CEP170 [90]. PLK1, a key regulator

in mitotic cell division, is involved in a number of critical processes, including mitotic
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entry, kinetochore—microtubule binding, and spindle formation [91]. This interaction
primarily inhibits TRIMS8 activity and delays mitotic progression, making cells more
likely to arrest or be delayed in G2/M phase. Accumulation of cells arrested in the G2/M
phase of the cell cycle leads to either initiation of the apoptotic pathway and activation
of DNA damage responses or persistence of aneuploidy. The mechanisms of apoptosis
mediated by silenced-TRIMS cells require further investigation [92]. CEP170 localizes
to both mother centrosomes during interphase and spindle microtubules during mitosis
and plays a role in microtubule assembly and cell morphology determination [93].

Studies have shown that TRIMS is also required for reliable chromosome segregation
in mitosis. The process of chromosome segregation during mitosis is highly complex,
and defects in this pathway can lead to mis-segregation and/or a non-integral set of 46
chromosomes. Knockdown of TRIMS increases the rate of chromosomal instability and
delays centrosome segregation, leading to an increase in aneuploid cells and micronu-
cleus formation, demonstrating the essential role of TRIM8 in maintaining chromo-
somal integrity during mitosis [90]. Overall, deficiency of TRIMS8-E3 ligase in glioma
cells may promote carcinogenesis by promoting chromosome segregation defects during
mitosis, leading to structural and non-euploid chromosome number aberrations, imply-
ing that TRIM8 may have tumor suppressor function during mitosis [94]. Chromosomal
instability is a characteristic of human malignancies linked to poor prognosis, immune
evasion, therapeutic resistance, and metastasis [95].

TRIM8 as a target in chemoresistance

Drug resistance of tumors is a significant obstacle to cancer therapy [96, 97]. Under-
standing the signaling pathways is critical for determining the enzymes involved in
chemoresistance in order to target them in combination therapies and make cells sus-
ceptible to standard chemotherapeutic agents. The ubiquitin—proteasome system has
been recognized as a key player in a variety of physiological processes, including cell
proliferation, autophagy, apoptosis, and DNA repair, all of which have been linked to
carcinogenesis, cancer development, and drug resistance [98, 99]. Therefore, the use of
proteasome inhibitors that alter the proteasome-mediated degradation pathway repre-
sents a new and promising method for treating human tumors with fewer side effects
[99]. In particular, E3 ligases have attracted increasing attention in cancer and resist-
ance research [100]. E3 ligase inhibitors are thought to specifically sensitize tumor cells
to chemotherapeutic agents and radiotherapy by stabilizing or promoting the degrada-
tion of a subset of tumor suppressors or oncoproteins without affecting the activity of
other proteins necessary for normal cell function [99, 100]. The most important type
of E3 ligase is the really interesting new gene (RING) finger family, distinguished by its
conserved RING domain. Other growing types of E3 ligases include the homologous to
the E6AP carboxyl terminus/HECT type, the U-box type, and the RING-IBR-RING/RBR
type, which are critical in drug resistance in several malignancies, including GBM. The
TRIM protein family is a large subgroup of RING-type E3 ligases [101]. TRIM proteins
act as both cancer driver and tumor suppressor proteins in regulating cell proliferation,
depending on tumor type and deregulation processes. Many TRIM proteins are ele-
vated in GBM (e.g., TRIMs 11, 14, 22, 25, 28, 32, 44, 59, and 65) [12, 102-108]. Abnor-
mal overexpression of these TRIMs has been associated with poor prognosis and poor
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overall survival. In contrast, TRIMs 13, 16, 21, and 62 are potential tumor suppressors
in a variety of malignancies, including GBM [11, 109]. TRIMS is considered a cancer
driver and tumor suppressor in controlling cell proliferation. The ability of TRIMS to
modulate the stability and activity of p53-mediated tumor suppressive activity is one of
the reasons why it exerts a tumor suppressor function [48]. In addition, TRIMS8 stimu-
lates the degradation of MDM2, a primary cellular TP53 inhibitor, and directs the TP53
response toward growth arrest rather than apoptosis [48]. In general, patients with
cancer with higher chemotherapy resistance have more mutations in the 7P53 gene
or inactivation in its signaling pathway due to alterations in its regulators [110]. This
is especially true for malignancies such as GBM, where the TP53 pathway is deregu-
lated in 84% of patients, implying that reactivation of the TP53 pathway may be one of
the most promising therapeutic approaches [111]. TRIMS8 expression has been shown to
correlate with increased TP53 activation and MDM?2 instability in glioma tissues and cell
lines, enhancing the effects of chemotherapeutic agents such as cisplatin and nutlin-3.
In contrast, the silencing of TRIMS8 correlates with the inactivation of TP53 and resist-
ance to these chemotherapeutic agents. This suggests that TRIMS levels play an essential
role in TP53-mediated cellular responses to chemotherapeutic agents [15, 51]. Another
example of TRIMS activity in chemosensitivity is in anaplastic thyroid carcinoma/ATC,
where downregulation of TRIMS8 essentially correlates with overexpression of MIR182
in human ATC tissues. Qin et al. found that MIRI82 promoted tumor development by
suppressing TRIMS expression and contributed to the chemoresistance of human ATC
to standard chemotherapeutic agents such as cisplatin. On the basis of these results, it
was concluded that MIR182-TRIMS8 could be a therapeutic target for the treatment of
chemoresistant human papillary thyroid carcinoma [112]. Tullo et al. found that TRIM8
is a target of MIR17-5p and MIR106B-5p, both of which are overexpressed in chemo-/
radioresistant cancers such as ccRCC and GBM. MYCN promotes carcinogenesis
by activating MIR17-5p and MIR106B-5p, and this oncogene is inhibited by MIR34A,
whose expression is induced by TP53. Of note, silencing of MIR17-5p and MIR106B-5p
enhances TRIMS expression. It leads to the restoration of tumor suppressor activity of
TP53 in a TRIM8-dependent manner, thereby restoring the sensitivity of cells to clini-
cally used chemotherapeutic agents such as sorafenib and axitinib, which are used as
second-line treatments for advanced renal cell carcinoma [51, 113, 114].

Chemosensitization by TRIM8 was also observed in SW620 and SW480 cells. SW620
and SW480 cells are two different colon cancer cell lines with different levels of TP53
protein [115, 116]. SW620 cells have wild-type TP53 protein, whereas SW480 cells lack
TP53 protein. SW620 cells with higher TRIM8 expression were more susceptible to the
chemotherapeutic agent 5-fluorouracil, whereas silencing TRIM8 increased SW620 cell
survival. However, this was not the case for SW480 cells. Therefore, TRIM8 was shown
to increase the susceptibility of CRC cells to the above chemotherapeutic agent in a
TP53-dependent manner [115]. It is probably important to evaluate the tumor suppres-
sive and oncogenic activity of TRIMS in relation to the molecular status of p53 because,
if p53 is mutated, TRIMS expression is partially oncogenic [48].

The effects of TRIMS8 on the stability and activity of the oncogenic form of the TP63
transcription factor, ANp63, which shares structural similarities with the tumor suppres-
sor TP53, reveal another vital role for TRIMS8 in sensitizing cells to chemotherapeutic
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agents [117]. Numerous studies have shown that TP63 plays an important role in cancer
development, resistance to chemotherapy, metastasis, and survival of cancer cells. TP63
is overexpressed in various types of malignant tumors, suggesting that it confers a selec-
tive growth advantage to cancer cells. Overexpression of TP63 in oral squamous cell
carcinoma/OSCC has recently been shown to be a potential marker of radioresistance
and a predictor of poor prognosis [117-119]. Tullo et al. found that TRIM8 enhances
the tumor suppressor activity of TP53 and decreases the expression of the TP63 pro-
tein in a manner that is dependent on both the ubiquitin—proteasome system and cas-
pase 1 (CASP1) [118]. In addition, studies have shown that TP63 decreases TRIMS8 gene
expression by inhibiting the TP53-directed transcriptional program of TRIMS, indi-
cating the presence of a negative feedback loop. These results suggest that increasing
TRIMBS activity could provide therapeutic benefits and improve the treatment of chem-
oresistant malignancies, particularly GBM [117, 120].

TRIMS8 as an inflammation inducer

The relationship between inflammation and cancer has attracted much attention in
recent decades. The importance of inflammation in gliomas is less evident than in other
cancers, especially at the onset. The transcription factor NFKB induces the expression
of genes involved in many aspects of the innate and adaptive immune system and is one
of the most important molecules in triggering chronic inflammation as a hallmark and
cause of cancer [121, 122]. Constitutive NFKB activation is a common phenomenon in
GBM, as in many other malignancies. Inflammation has been reported to promote mes-
enchymal differentiation, maintenance of cancer stem-like cells, and radiation resistance
[123], and it also plays a key role in several other active carcinogenic processes in GBM
[124].

Mutations or overexpression of NFKB signaling components such as TNF receptor-
associated factor 2 (TRAF2) and TNFRSF1A associated via death domain (TRADD) are
rare in tumors, suggesting that abnormal activation of NFKB signaling in GBM may be
due to pathway dysregulation or oncogenes [125]. TRIM proteins are involved in the
development of various malignancies by affecting a number of biological processes,
including modulation of NFKB transcriptional activity. TRIM40 is downregulated in the
gastrointestinal tract during carcinogenesis, which inhibits NFKB activity via neddyla-
tion of IKBKG, a critical regulator of NFKB activation, and consequently causes inhibi-
tion of NFKB activity [126].

In recent years, there has been a surge of interest in TRIM8 as an activator of NFKB
signaling. At least two subcellular sites (the cytoplasm and nucleus) have been identified
where the ubiquitin ligase activity of TRIMS is required to activate the NFKB pathway.
Nucleocytoplasmic transport of TRIMS is necessary for positive control of NFKB activa-
tion [127]. TRIMS8 reduces the nuclear localization of endogenous PIAS3 and its RING
domain is required for this function. This translocation from the nucleus to the cyto-
plasm impairs the negative regulation of NFKB at the RELA/p65 subunit through the
activity of PIAS3, and enhances NFKB transcription factor dimerization and activation
of NFKB-responsive genes [28, 128].

TRIMS8 also functions as a positive regulator of cytokine-induced NFKB activa-
tion in the cytoplasm. Wang et al. demonstrated that TRIM8 promotes K63-linked
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polyubiquitination of MAP3K7/TAK1 at Lys158, but not K48-linked polyubiquitina-
tion after activation of surface receptors such as TNF or interleukin 1 receptor (IL1R)
[29]. Activated MAP3K7/TAK1 is required for the IKK complex-induced NFKB path-
way activation. The IKK complex phosphorylates NFKBIA/IKBA protein, leading to
ubiquitination and degradation by the 26S proteasome and translocation of NFKB to the
nucleus, allowing the activation of NFKB-responsive genes [29, 129]. The long noncod-
ing RNA GNAS-ASI/Nespas inhibits TRIM8-induced Lys63-linked polyubiquitination
of MAP3K7/TAK1, suppressing inflammatory cytokine production and NFKB signaling
activation [130]. Deregulated NFKB activation is a common phenomenon in glioblas-
toma; its activity is a significant driver of the malignant phenotype, ranging from tumor
growth and invasion to the maintenance of cancer stem-like cells, suppression of pro-
grammed cell death, and resistance to radiotherapy [131].

A well-known function of NFKB is the regulation of inflammatory responses by con-
trolling the expression of proinflammatory genes and activities in innate and adaptive
immune cells. Not surprisingly, NFKB expression is a marker of inflammation and has
attracted considerable attention in the field of inflammation-related cancers [132, 133].
Because NFKB has been identified as a driver of several features of gliomagenesis and
treatment tolerance, the NFKB signaling network is now an attractive therapeutic target.
Thanks to recent advances in drug discovery, a variety of drugs targeting NFKB are now
available, and several of them have shown promise in preclinical studies, either alone
or in combination with temozolomide, a first-line chemotherapeutic agent in GBM
[134, 135]. Research has shown that inhibition of NFKB in combination with temozolo-
mide can synergistically enhance glioma cell suppression. However, further research is
needed to elucidate the activity of TRIMS8 and establish links between inflammation and

carcinogenesis.

Conclusion

GBM is the most common type of brain tumor in adults worldwide. Among the newly
identified glioma-associated genes, interest in TRIM8 has increased dramatically in
recent years. TRIMS is an E3 ubiquitin ligase involved in many biological processes
such as autophagy, apoptosis, and differentiation, all of which are required to maintain
cellular homeostasis and thus regulate most signal transduction pathways. Our study
suggests that TRIMS plays a role in GBM carcinogenesis by positively regulating key
cellular signaling pathways such as NFKB and JAK-STAT, which effectively enhance
the stem-like property of GSCs and potentially provide clues for innovative treatments.
TRIMBS also exerts its anticancer effect by potentiating tumor suppressor TP53 through
interaction with MDM2, an important inhibitor of TP53, and, conversely, by suppress-
ing the activity of the oncogenic protein ANp63. This suggests that TRIM8 confers a
selective growth disadvantage to cancer cells, and enhancing TRIMS activity could pro-
vide therapeutic benefits and improve the treatment of chemoresistant tumors. In this
study, we summarized the dual role of TRIMS8 in cancer as an oncogene or tumor sup-
pressor gene in regulating autophagy, controlling bipolar spindle formation and chro-
mosomal stability, regulating chemoresistance, and triggering inflammation. We believe
that it is critical to understand how TRIM8-associated axes can be further modulated
for the development of cancer therapeutics, as this could provide new insights into
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understanding the pathophysiology of GBM cancer and the development of therapeutic
targets. The use of E3 ligase inhibitors or targeted protein degraders [Molecular Glues,
Proteolysis Targeting Chimeras (PROTACs), and Hydrophobic Tag (HyT)] of TRIM8
would be a suitable way to regulate the amount of TRIMS8 protein and thus an exciting
possibility for therapeutic intervention. Enhancement of the p53-mediated tumor sup-
pressor activity of TRIMS in the tumors with wild-type p53 could be another potential
therapeutic.
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