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Abstract
Familial gliomas are rare primary brain tumors, accounting for around 5% of all 
glioma cases, and carry a strong familial predisposition, although their genetic 
basis remains incompletely understood. A recent 2023 Stanford study discovered 
that genome-wide sequencing has identified deleterious variants in HECT and 
RCC1-like domain-containing protein 2 (HERC2), the most significantly enriched 
gene in familial glioma cohorts. HECT and RLD domain containing E3 ubiquitin 
protein ligase 2 (HERC2), a large (~528 kDa) multifunctional E3 ubiquitin ligase, 
modulates DNA damage responses by catalyzing ubiquitin signaling cascades, 
facilitating the recruitment of repair proteins (breast cancer 1, p53-binding 
protein 1) through the ring finger protein 8/ubiquitin conjugating enzyme 
E2  13 complex, regulating p53 tetramerization through neuralized E3 ubiquitin 
protein ligase 4/E6-associated protein complexes, and controlling intra-S-phase 
checkpoint activation through the ubiquitin-specific peptidase 20-Claspin-
checkpoint kinase 1 axis. Structurally, HERC2 comprises RCC1‐like domains for 
chromatin engagement, a mind bomb/HERC2 domain for E2 interactions, a CPH 
domain implicated in p53 stabilization, a ZZ‐type zinc finger, a DOC scaffold 
region, and a catalytic C-terminal HECT domain. Familial glioma-associated HERC2 
mutations include missense variants and truncating loss-of-function alleles that 
impair ubiquitin-mediated coordination of normal protein degradation, induce 
TP53 dysfunction, and promote genomic instability. These findings highlight 
HERC2’s potential as a diagnostic biomarker and therapeutic target. Future studies 
are needed to determine the penetrance of HERC2 variants and assess their 
prognostic and predictive value in clinical practice.
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1. Introduction
Gliomas are the most prevalent primary malignant brain 
tumors in adults. These tumors arise from glial or pre-
cursor cells and are categorized into adult- and pediatric-
type (low/high grade), circumscribed astrocytic gliomas, 
glioneuronal and neural tumors, ependymal tumors, and 
choroid plexus tumors.1 Gliomas constitute approximately 
30% of the central nervous system tumors, and account 
for the majority (81%) of malignant brain tumors among 
young adults.2 Despite accounting for a significant 
proportion of malignant central nervous system tumors, 
gliomas are still considered rare, with an incidence rate 
of 6/100,000 individuals in the United States. It is also 
associated with a poor prognosis, with a median survival 
of 14  months.2,3 Among glioma cases, approximately 5% 
are identified as familial.4,5 Familial glioma is defined as 
the occurrence of gliomas in two or more first-degree 
relatives, often presenting at younger ages. Patients 
with first-degree relatives with gliomas have a two-fold 
increased risk of developing brain tumors.6 The male-to-
female ratio of familial glioma is 1.15 to 1, suggesting a 
slightly higher incidence in males than in females.7 Despite 
this information and improved management over the past 
decades, its etiology and genetic basis remain obscure.

The classification of gliomas was originally based on 
their histological features; however, this approach resulted 
in high intra-  and inter-observer pathologist variability 
and a poor prognosis.8 The discovery of various molecular 
markers involved in glioma pathogenesis has provided a 
more accurate stratification of the condition as compared 
to histopathology alone. Isocitrate dehydrogenase (IDH)1 
and IDH2 mutations, as well as concurrent loss of both 
1p and 19q chromosome arms (1p/19q co-deletion), 
were used to subdivide gliomas into astrocytoma, 
oligodendroglioma, or glioblastoma. According to the 
2021 World Health Organization’s classification of central 
nervous system tumors, astrocytomas are characterized 
by the presence of IDH mutations without 1p/19q 
co-deletion, whereas oligodendrogliomas are defined 
by the presence of both an IDH mutation and 1p/19q 
co-deletion.9 Conversely, glioblastomas are now defined as 
IDH-wildtype tumors and are no longer classified as IDH-
mutant. IDH-mutant gliomas have decreased production 
of nicotinamide adenine dinucleotide phosphate and 
elevated 2-hydroxyglutarate levels, leading to DNA 
hypermethylation and increased histone methylation.10 
Interestingly, localized immune responses and glioma-
induced epilepsy are seen in patients with increased 
2-hydroxyglutarate.11 Aside from these two important 
molecular markers, other biomarkers have been identified 
to classify further gliomas, such as ATRX, TP53, NOTCH1, 

FUBP1, MYB, H3K27, and CDKN2 gene mutations. 
Homozygous deletions in the CDKN2A/CDKN2B genes 
have been associated with a worse prognosis in IDH-
mutated astrocytoma.12

Genetic predisposition plays a significant role in 
the development of familial glioma. Various hereditary 
cancers have been associated with increased risk of 
familial glioma, such as Lynch syndrome (mismatch 
repair gene mutations, such as MLH1, MSH2, MSH6, and 
PMS2),13 neurofibromatosis types 1 and 2 (NF1 and NF2 
mutations),14 Li-Fraumeni syndrome (TP53 mutations),15 
and melanoma-neural system tumor syndrome (CDKN2A 
mutations).16 However, these syndromes only represent 
a small fraction of familial glioma cases, indicating 
the involvement of other genetic factors. Identification 
of several common low-penetrance variants was also 
conducted to elucidate familial glioma risk. Notable loci 
include 5p15.33 (TERT), 8q24.21 (CCDC26), 9p21.3 
(CDKN2B), 11q23.3 (PHLDB1), 20q13.33 (RTEL1), 
and 7p11.2 (EGFR).17 These findings suggest the 
polygenic model of inheritance for familial glioma and 
the contribution of multiple low-risk alleles in disease 
susceptibility. Aside from these, genome-wide sequencing 
was also employed to identify previously undescribed 
cancer predisposition genes. In a study by Choi et al.,18 
rare and highly deleterious single-nucleotide variants were 
found across seven genes in cohorts of patients with a 
history of familial glioma.18 Specifically, HECT and RCC1-
like domain-containing protein 2 (HERC2) was found 
to have the highest enrichment with deleterious variants 
compared to an ancestry-matched control group using a 
gene-based rare variant burden analysis. This enrichment 
reached experiment-wide significance following multiple-
testing correction based on minor allele frequency, 
loss-of-function, and deleteriousness, suggesting its 
strong potential role in familial glioma predisposition. 
Furthermore, six mutations in the HERC2 gene were 
found: Five rare coding variants that are considered to 
be highly deleterious single-nucleotide variants and 
one internal copy gain variant.18 Importantly, the study 
controlled for population stratification by using ancestry-
matched controls and performing principal component 
analysis on genome-wide single-nucleotide polymorphism 
data to minimize confounding due to residual population 
background. Despite this information, the exact role of 
HERC2 mutations in familial glioma is still unclear.

2. The biology of HERC2
HERC2 is a large (~528 kDa; 4,834 amino acid protein) and 
multifunctional E3 ubiquitin ligase responsible for various 
biological roles in genome integrity, DNA repair, and 
cellular homeostasis.19 It has a highly complex structure, 
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comprising six major parts (Figure  1). HERC2 contains 
three RCC1-like domains (RLD1 – 3) located toward the 
N-terminal region, which regulate chromatin binding 
dynamics and are hypothesized to facilitate protein-protein 
interactions.20 The cytochrome b5-like domain remains 
poorly understood, but it may contribute to structural 
integrity or serve as a scaffold for oxidation-reduction 
interactions.21 HERC2 also harbors a mind bomb/HERC2 
(M-H) domain, which shares homology with other HECT-
type  E3 ligases that are crucial for interactions with E2 
conjugating enzymes.22 The CPH domain, shared with 
Cullin 7 and p53-associated, parkin-like cytoplasmic 
protein, plays a role in stabilizing multi-protein complexes 
and may be essential for modulating p53 activity and DNA 
repair pathways.23 Embedded within the central region is a 
ZZ-type zinc finger, a domain often implicated in substrate 
recognition and ubiquitin chain specificity.24 The DOC 
domain, classically associated with Cullin-RING ligases, 
is responsible for molecular scaffolding or ubiquitin 
complex assembly.25 Finally, the C-terminal HECT domain 
is the catalytic center of the protein, where ubiquitin is 
transferred from E2 enzymes to specific substrates through 
a thioester intermediate – a hallmark of the HECT E3 
ligase family.26 HERC2 is structurally diverse and modular 
in composition, allowing it to act as both a catalytic and 
scaffolding hub in critical cellular pathways, particularly 
those in DNA damage responses (DDR), regulation, and 
protein homeostasis.27

HERC2 plays a role in the DDR signaling pathway 
through its E3 ubiquitin ligase activity.22 It catalyzes the 
transfer of ubiquitin moieties to specific target proteins, 
which are responsible for maintaining genomic integrity. 
In response to DNA double-strand breaks, HERC2 
orchestrates a ubiquitin signaling cascade by facilitating 
the assembly of the ring finger protein 8 (RNF8)/ubiquitin 
conjugating enzyme E2  13 (UBC13) complex, a crucial 
process in recruiting downstream repair proteins, such 
as breast cancer 1 (BRCA1) and p53-binding protein 
1 (53BP1), to the site of damage.28 HERC2 is also recruited 
to the sites of DNA lesions through ataxia telangiectasia 
mutated (ATM)-dependent signaling and small ubiquitin-
like modifier post-translational modification, facilitating 
stabilization and localization of RNF8 through small 
ubiquitin-like modifier-interacting zinc finger motif 
and thus, amplifying ubiquitin signaling on chromatin.29 
Furthermore, HERC2 selectively recruits ATM and ataxia-

telangiectasia and Rad3-related protein (ATR) kinases 
to modulate p53 stability downstream throughout the 
DDR cycle, regulating p53 transcriptional activity and 
influencing cell cycle arrest following genetic stress.24 
Moreover, HERC2 functions as a dual-acting ligase 
and platform protein, integrating ubiquitin-dependent 
signaling with chromatin remodeling and checkpoint 
activation to ensure efficient DNA repair and cellular 
recovery from genotoxic insults.

3. Role of HERC2 in genomic stability and 
cell cycle control
HERC2 is a multifunctional E3 ubiquitin ligase with two 
characteristic domains in its sequence, the HECT ubiquitin-
ligase domain and RLDs. Among the six human HERC 
proteins, the large HERCs (HERC1/2) differ from the small 
HERC3–6 family members by containing three RLDs along 
with several additional motifs (M-H, CPH, ZZ zinc-finger, 
cytochrome-b5-like, and DOC/APC10 regions).22,30,31 The 
said structure creates an extensive docking surface which 
allows HERC2 to couple chromatin recognition (via 
RLDs) to ubiquitin signaling (via the HECT active site), 
thereby positioning it to regulate complex, multi-protein 
interactions that maintain genome integrity through its 
multifaceted roles in DNA repair and cell cycle regulation. 
It coordinates multiple aspects of the DDR, cell cycle 
checkpoint control, and replication licensing, thereby 
ensuring proper cell proliferation and genome integrity.23

3.1. HERC2 as a coordinator of cell cycle checkpoint 
regulation

HERC2 regulates the cell cycle by integrating DNA damage 
signals into checkpoint regulation mechanisms. It affects 
key transition points in the cell cycle, particularly the G1/S 
and G2/M phases, by adjusting the activity of important 
checkpoint proteins and factors involved in DNA 
replication. Unlike well-known DNA repair genes, such as 
TP53, ATRX, or IDH1, which primarily influence genomic 
stability through direct DNA repair or metabolic signaling, 
HERC2 acts as an upstream regulator, controlling protein-
protein interactions and ubiquitin-mediated degradation 
to maintain cell cycle fidelity.24

A central function of HERC2 in cell cycle control 
is its role in activating p53, a crucial tumor suppressor 
protein. It forms a ternary complex with neuralized E3 

Figure 1. HECT and RCC1-like domain-containing protein 2 (HERC2) structure. It has three RCC1-like domains (RLD1–3), a cytochrome b5-like region 
(Cyt b5), the mind-bomb/HERC2 (M-H) domain, a CPH domain, a ZZ-type zinc finger, a DOC domain, and the homologous to E6-AP carboxyl terminus 
(HECT) domain. Created in BioRender.com. Relacion, P. (2025). https://BioRender.com/zf7syvs.
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ubiquitin protein ligase 4 (NEURL4) and the E3 ligase 
E6-associated protein to promote the tetramerization of 
p53, a conformation necessary for its full transcriptional 
activity.23 Once activated, p53 initiates transcription 
of critical checkpoint genes, such as CDKN1A (p21), 
GADD45, and BAX, and pro-apoptotic effectors, enforcing 
arrest at the G1/S or G2/M checkpoints depending on the 
phase of damage detection.32 This checkpoint enforcement 
temporarily prevents cells with DNA defects from 
entering S phase or mitosis, thereby preserving genomic 
integrity. Interestingly, loss of HERC2 function can impair 
p53 transcriptional activity even when the TP53 gene 
is not mutated. Such impairment can mimic p53 loss 
and potentially contribute to gliomagenesis in a TP53-
independent manner.23

In addition to its role with p53, HERC2 regulates the 
stability and function of key DNA replication licensing 
factors, including chromatin licensing and DNA 
replication factor 1 and the origin recognition complex. 
Under conditions of replication stress or DNA damage, 
HERC2 ubiquitinates chromatin licensing and DNA 
replication factor 1, marking it for degradation by the 
proteasome. This prevents improper re-replication of 
DNA, helping maintain genome stability.22,33 This activity 
is part of HERC2’s wider role in coordinating the DDR, 
where it also supports the recruitment and stabilization 
of repair proteins, such as RNF8 and BRCA1, at sites of 
double-strand breaks.22,34

In addition, HERC2 plays a role in regulating the intra-
S-phase checkpoint by modulating the Claspin-checkpoint 
kinase 1 (CHK1) signaling axis through its control of 
ubiquitin-specific peptidase 20 (USP20), a deubiquitinase 
that stabilizes Claspin. Under basal conditions, HERC2 
promotes the degradation of USP20, which keeps 
Claspin levels low and limits CHK1 activation.35 This 
allows DNA replication to proceed without unnecessary 
interruption. However, during replication stress, such as 
when single-stranded DNA accumulates, ATR, a central 
kinase in the response to replication stress, becomes 
activated. ATR phosphorylates USP20, disrupting its 
interaction with HERC2. As a result, USP20 is stabilized, 
leading to the accumulation of Claspin and subsequent 
activation of CHK1. Activated CHK1 then slows or 
halts DNA replication, providing the cell with time to 
resolve replication-associated DNA damage. Through 
this mechanism, HERC2 acts as a regulatory switch, 
maintaining low checkpoint activity during normal 
replication but allowing for rapid activation of the ATR-
CHK1 pathway under stress. This ensures both efficient 
DNA synthesis and timely responses to replication stress, 
preserving genome stability.36

3.2. HERC2 as a genome custodian: The role of 
ubiquitin ligase in modulating the DNA-damage 
response

HERC2 safeguards genome integrity through multiple 
mechanisms, with its most well-characterized function 
being the regulation of the double-strand break response 
in DDR. As a HECT-type  E3 ubiquitin ligase, HERC2 
facilitates the recruitment and assembly of the RNF8-
UBC13 ubiquitin signaling complex at double-strand 
break sites. This process leads to the ubiquitination of 
histone H2A and H2AX at chromatin flanking the damage, 
creating a platform for the recruitment of DNA repair 
proteins, such as 53BP1 and BRCA1. These proteins are 
essential for the execution of non-homologous end joining 
and homologous recombination, respectively, enabling 
efficient and accurate DNA repair.22,29

Apart from initiating DDR signaling, HERC2 also helps 
terminate repair processes and reset chromatin structure 
by regulating deubiquitinases, such as ubiquitin-specific 
peptidase 16. This ensures that repair sites are resolved 
properly and chromatin returns to its normal state.37 In 
addition, HERC2 supports the cell’s ability to cope with 
replication stress by coordinating the activity of the Bloom 
syndrome protein and Werner syndrome adenosine 
triphosphate-dependent helicase with the single-stranded 
DNA-binding protein replication protein A, promoting 
replication fork restart and stability. Loss of HERC2 
disrupts the integrity of these complexes, resulting in fork 
collapse and accumulation of under-replicated DNA.38

Furthermore, HERC2 modulates the nucleotide excision 
repair pathway by stabilizing the xeroderma pigmentosum 
group A protein through ATR-mediated phosphorylation, 
aiding in the removal of ultraviolet-induced lesions.39 
Collectively, these functions emphasize HERC2’s role 
as a custodian of genomic stability by coordinating the 
addition, recognition, and removal of ubiquitin marks 
at sites of DNA damage. It also helps align helicase and 
single-strand DNA-binding activities at stalled replication 
forks, ensuring the timely resolution of damage signaling. 
Impaired HERC2 function compromises multiple DNA 
repair pathways, increases replication stress, and promotes 
chromosomal instability, all of which are hallmarks of 
oncogenic transformation, including gliomagenesis.23

3.3. Role of HERC2 in DDR signaling and chromatin-
based repair

In contrast to other glioma-associated genes, HERC2 does 
not act directly on DNA or chromatin; it functions as an 
upstream integrator of checkpoint signaling. TP53, one 
of the most frequently mutated genes in glioma, directly 
controls cell cycle arrest and apoptosis following DNA 
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damage. When mutated, it leads to unregulated cell cycle 
progression due to loss of transcriptional control. As 
discussed previously, HERC2 acts upstream as a modulator 
of p53 activation by promoting p53 tetramerization. Thus, 
its loss can impair p53 activity even in the absence of TP53 
mutations.40 ATRX is a chromatin remodeler that protects 
telomeres and stabilizes replication forks, especially in the 
alternative lengthening of telomeres pathway seen in lower-
grade gliomas.41 Like ATRX, HERC2 also aids in chromatin-
based DNA repair processes, though it primarily does so 
by ubiquitylating histones and recruiting repair factors 
rather than remodeling nucleosomes. IDH1, frequently 
mutated in diffuse gliomas, promotes an oncometabolic 
state through the production of 2-hydroxyglutarate, which 
alters the cell’s epigenetic landscape and indirectly disrupts 
homologous recombination.42 While IDH1 mutations 
lead to indirect defects in DNA repair through epigenetic 
dysregulation, HERC2 directly orchestrates the recruitment 
and function of homologous recombination components 
at DNA breaks. Thus, HERC2 serves as a connection that 
links DNA damage sensing to the enforcement of cell-
cycle arrest through targeted ubiquitination. Although its 
functions overlap with those of TP53, ATRX, and IDH1, 
HERC2 plays a distinct and complementary role in genome 
surveillance (Figure 2).

HERC2 is an essential genome guardian that plays 
a role in DNA repair, cell cycle checkpoint control, and 
tumor suppression. Through its E3 ligase activity and 
coordination of repair complex assembly, HERC2 ensures 
that damaged DNA is properly recognized and repaired 
before cell division. It interacts with a wide range of proteins 
to regulate critical cellular processes involved in the DDR, 
chromatin remodeling, and cell cycle control. Loss or 
dysfunction of HERC2, similar to that of TP53, ATRX, 
or IDH1, compromises genomic integrity and may drive 
gliomagenesis by allowing the accumulation of mutations 
and chromosomal instability. Understanding HERC2’s 
integrated role alongside other glioma-relevant genes 
opens new avenues for therapeutic strategies targeting 
DNA repair vulnerabilities in gliomas. A  summary of 
the key protein interactions of HERC2 and its activity is 
presented in Table 1.

4. HERC2 mutations in familial glioma and 
their tumorigenic implications
Gliomas are a diverse group of tumors originating from 
glial cells in the brain and spinal cord, representing the 
most common primary brain tumor within the central 
nervous system.43 In 2023, the Stanford Medicine-led 
study identified over 50 genes potentially linked to familial 

Figure 2. HECT and RCC1-like domain-containing protein 2 (HERC2) role in DNA repair and cell cycle control. HERC2 regulates DNA replication 
licensing through chromatin licensing and DNA replication factor 1 (CDT1) ubiquitination (Ub), and modulates DNA repair through ubiquitination of 
xeroderma pigmentosum group A (XPA) and recruitment of the ring finger protein 8 (RNF8)-ubiquitin conjugating enzyme E2 13 (UBC13) complex at 
double-strand breaks. It also enhances p53-mediated stress responses by promoting p53 tetramerization and nuclear retention through interaction with 
neuralized-like protein 4 (NEURL4). Created in BioRender. Relacion, P. (2025). https://BioRender.com/f7qm3n9.
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glioma, with HERC2 among the mutations found in affected 
families.44 Although the article does not elaborate on HERC2 
specifically, its inclusion suggests a possible role in inherited 
susceptibility to glioma that warrants further investigation, 
especially since the HERC2 protein was not previously 
associated with cancer. However, as of current evidence, 
the identified HERC2 variants have not been conclusively 
shown to co-segregate with glioma within families, and 
there is limited to no published family-based co-segregation 
data assessing the penetrance or variable expressivity of 
these variants in glioma, as it needs co-segregation analysis 
within pedigrees. Without such data, causal interpretations 
remain incomplete and speculative.

Moreover, HERC2 mutations appear to be rare or 
undocumented in sporadic glioma cases. A study by Kim 
et al.45 conducted a next-generation sequencing analysis 
of astrocytomas, oligodendrogliomas, and glioblastomas 
(n ≈ 147 tumors; ~301 variants across 68 genes), showing 
no significant mutation frequency in HERC2. Instead, 
commonly mutated genes in these tumors include 
TP53 (31%), IDH1 (24%), TERT promoter (23%), PIK3CA, 
EGFR, NF1, PTEN, ATRX, RB1, BRAF, CIC, and PIK3R1. 
Due to the absence of HERC2 alterations in these cohorts, 
no clinical or prognostic associations, such as treatment 
response, survival outcomes, or tumor grading, have been 
reported in the context of sporadic glioma.45

As previously mentioned, HERC2 is an E3 ubiquitin 
ligase that plays a critical role in essential cellular functions, 
including DNA repair, cell cycle control, and the regulation 

of p53-mediated tumor suppression.46 Emerging evidence 
suggests that mutations in HERC2, such as missense, 
truncating, and loss-of-function variants, are increasingly 
linked to gliomagenesis development and progression.47

Domain-level analysis of the identified familial 
glioma-associated HERC2 variants reveals clustering 
on HERC2 domains. Mutations in the HECT domain 
are expected to disrupt HERC2’s E3 ligase function, 
impairing the ubiquitin transfer required for K63-
linked polyubiquitination of histones and recruitment 
of homologous DNA repair factors, such as BRCA1 and 
53BP1.24 Variants in the CPH or ZZ domains of HERC2 
may compromise p53 transcriptional activity responding 
to genotoxic stress, which plays a role in p53 stabilization 
through NEURL4-mediated tetramerization.40 Potential 
alterations in the DOC domain may further impair 
assembly with checkpoint mediators and thereby disrupt 
cell cycle regulation.48 These domain-specific mutations in 
HERC2 may affect glioma predisposition and progression. 
Similarly, these aforementioned mutations and variations 
in the HERC2 domain must be validated to understand 
their mechanistic insights and determine whether specific 
domains confer distinct gliomagenesis risk.

4.1. Types of HERC2 mutation

4.1.1. Missense mutations

A missense mutation is a point mutation in which a 
single-nucleotide change results in a codon that codes 
for a different amino acid, altering the protein and its 

Table 1. Summary of the key protein interactions of HECT and RCC1‑like domain‑containing protein 2 in various cellular 
processes

Type Protein Mechanism References

DNA damage 
response and repair

RNF8 HERC2 physically interacts with RNF8 and stabilizes the RNF8‑UBC13 complex at sites of 
double‑strand breaks. Consequently, HERC2 promotes K63‑linked polyubiquitination of histones 
and recruitment of DNA repair factors.

24,42

XPA HERC2 targets XPA for ubiquitination, regulating nucleotide excision repair activity and ensuring 
DNA repair fidelity.

43

BRCA1 and 
53BP1

Recruitment of these proteins to the DNA damage foci is indirectly dependent on 
HERC2‑mediated RNF8 ubiquitin signaling.

22

p53 pathway 
regulation

p53 HERC2 modulates p53 activity by promoting p53 tetramerization and nuclear retention. Hence, 
HERC2 influences p53‑dependent transcriptional responses to genotoxic stress.

44

NEURL4 HERC2 forms a complex with NEURL4 and p53 to promote oligomerization and enhance its 
tumor suppressor functions.

45

Chromatin and cell 
cycle regulation

USP16 HERC2 regulates USP16 stability through ubiquitination and, in turn, controls chromatin 
de‑ubiquitination and histone H2A signaling.

36

BLM and 
WRN

HERC2 has been shown to regulate the stability of these RecQ helicases, both of which are critical 
for DNA replication and repair of stalled replication forks

37

Abbreviations: 53BP1: p53‑binding protein 1; BLM: Bloom syndrome protein; BRCA1: Breast cancer 1; HERC2: HECT and RCC1‑like 
domain‑containing protein 2; NEURL4: Neuralized E3 ubiquitin protein ligase 4; RNF8: Ring finger protein 8; UBC13: Ubiquitin conjugating enzyme 
E2 13; USP16: Ubiquitin‑specific peptidase 16; WRN: Werner adenosine triphosphate‑dependent helicase; XPA: Xeroderma pigmentosum group A.
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corresponding structure and function.49 A comprehensive 
whole-genome sequencing study involving 189 families 
with a history of glioma identified HERC2 as the most 
significantly enriched gene harboring rare, deleterious 
variants. Specifically, six mutations were found: Five rare 
coding variants predicted to be highly deleterious single-
nucleotide variants and one internal copy gain variant. 
These coding variants occurred in highly conserved regions 
of the gene, including domains critical for its function, such 
as the regulation of chromosome condensation and the 
homologous to the E6-AP C terminus (HECT) domain, 
and the researchers found marked selection against loss-
of-function and missense mutation.18 However, as noted 
earlier, HERC2 is an extremely large protein (4,834 amino 
acids) that frequently harbors many variants in normal 
individuals.19 It means, not all mutations in large genes, 
such as HERC2, are necessarily pathogenic, because 
the gene’s size alone increases the statistical chance of 
harboring incidental (non-disease-causing) variants.

4.1.2. Truncating mutations (loss-of-function, non-
sense, frameshift, and splice-site mutation)

Truncating mutations are genetic alterations shortening 
the coding sequence of genes through ways like a stop-gain 
mutation, leading to a shortened or truncated protein.50 
Frattini et al.51 discovered that truncating mutations in HERC2 
are localized on chromosome 15q13, commonly deleted 
and mutated, and have been implicated in gliomagenesis 
through multiple oncogenic mechanisms.51 Loss-of-function 
mutations in HERC2 can impair its ability to interact and 
regulate p53, facilitating failure of proper ubiquitination and 
recruitment of DNA repair proteins, notably those involved 
in ATM-dependent signaling, thereby compromising the 
DDR pathway.52 This defect leads to the accumulation of 
unrepaired DNA damage, promoting genomic instability, a 
well-recognized driver of malignant progression in gliomas.53 
Non-sense mutations in HERC2 – which are predicted 
to cause a frameshift insertion, leading to non-sense-
mediated decay, or may otherwise be pathogenic and cause 
haploinsufficiency (i.e., a person with one functional copy of 
a gene leading to abnormal phenotype or disease) – were also 
identified in a familial glioma cohort.18,54 While splice-site 
mutations are a recognized mechanism of gene disruption 
in gliomas, particularly in key tumor suppressors, such as 
ATRX and TP53, specific evidence for splice-site mutations 
in HERC2 in glioma remains scarce, and further research is 
needed to clarify this association.55

4.2. HERC2-mediated TP53 dysregulation in glioma 
cell proliferation

In gliomas, TP53 mutations are particularly prevalent in 
lower-grade astrocytomas and secondary glioblastomas, 

suggesting a role in early tumorigenesis and progression to 
more aggressive forms.56,57 In addition, mutant p53 proteins 
can gain oncogenic functions, contributing to abnormal 
cell proliferation, altered metabolism, and resistance to 
therapy.58 The disruption of p53-mediated transcriptional 
programs also interferes with the regulation of other critical 
pathways, including inhibition of p63 and p73, promoting 
tumor cell invasion, upregulating receptor tyrosine 
kinases, such as mesenchymal-epithelial transition and 
epidermal growth factor receptor, enhancing proinvasive 
cellular signaling.59-61

These findings suggest that HERC2 mutations, 
particularly those impairing its structural domains or 
ubiquitin ligase activity, may facilitate gliomagenesis by 
compromising p53-mediated genome surveillance and 
promoting unchecked cellular proliferation (Figure 3). The 
convergence of HERC2 dysfunction and TP53 mutation 
may represent a cooperative oncogenic axis in familial 
glioma, highlighting the importance of exploring HERC2 
as a potential biomarker and therapeutic target, particularly 
in gene-directed therapies.

Functional validation studies also support the idea of 
how HERC2 mutation leads to p53 dysfunction through 
oligomerization. An in vitro study by García‐Cano et al.62 
using four different cell lines reveals that HERC2 forms 
a complex with NEURL4, oligomeric p53, and mouse 
double minute 2 homolog, which stabilizes p53 and 
mouse double minute 2 homolog and regulates p53’s 
transcriptional activity. Upon DNA damage induced 
by bleomycin, this complex dissociates, allowing p53 to 
become phosphorylated and acetylated, thereby enhancing 
its activity. HERC2 also modulates MDM2 gene expression 
through a p53-dependent mechanism by competing for 
binding with phosphorylated and acetylated p53 at the 
MDM2 promoter.62 Another in vitro study by Cubillos-
Rojas et al.52 supports the interaction of p53 and HERC2 
mutation. The researchers discovered that the HECT-
type E3 ubiquitin ligase HERC2 directly interacts with the 
tumor suppressor p53 through its conserved CPH domain, 
binding the C-terminal to the 43 amino acids of p53, and 
enhances p53’s transcriptional activity by promoting p53 
oligomerization, rather than affecting its stability. Silencing 
HERC2 diminishes p53’s ability to activate genes, such as 
p21, accelerates cell proliferation, and impairs p53-driven 
responses after DNA damage, revealing HERC2 as a novel 
regulator of p53 signaling with implications for tumor 
suppression.52 However, the functional validation studies 
conducted using non-glial cell lines (HeLa, HEK-293, 
U2OS, and H1299) highlight a limitation of the study, as 
confirming these findings in glial-specific models would 
provide more direct relevance to gliomagenesis.
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Figure 3. Mechanism of normal and mutated HERC2 in DNA repair during DNA damage. Created in BioRender. Relacion, P. (2025). https://BioRender.
com/ydgwau7.
Abbreviations: EGFR: Epidermal growth factor receptor; MET: Mesenchymal-epithelial transition.

5. HERC2 in the context of hereditary 
cancer syndromes
Hereditary cancer syndromes are a heterogeneous group 
of genetic diseases associated with a significantly increased 
risk of tumor development.63 They have been traditionally 
associated with germline mutations in key genes responsible 
for maintaining genomic stability and DNA repair, such 
as MSH2, MLH1, and BRCA1/2.63,64 While these classical 
familial cancer genes have been extensively studied and are 
well-characterized in syndromes, such as Lynch syndrome 
and hereditary breast/ovarian cancer, HERC2 represents 
a more recently recognized multifunctional regulator 
involved in several tumorigenesis-related pathways, with a 
possible role in gliomagenesis.

Functionally, MSH2 and MLH1 are key components 
of the DNA mismatch repair (MMR) pathway, which is 
responsible for maintaining genomic integrity by correcting 
base-base mismatches and small insertion-deletion loops 
that occur during DNA replication.65 Germline mutations 
in either gene impair the MMR system, resulting in the 
accumulation of errors, particularly within repetitive DNA 
sequences known as microsatellites (i.e., a phenomenon 
known as microsatellite instability). This instability 
substantially increases the risk of developing cancers, 
especially in the colorectal, gastric, and endometrial 

tissues, and is a hallmark feature of Lynch syndrome.65 
Similarly, BRCA1 and BRCA2 play a crucial role in 
maintaining genomic stability by facilitating homologous 
recombination, a high-fidelity DNA repair mechanism 
responsible for accurately repairing double-strand breaks. 
Mutations in these genes impair repair of double-strand 
breaks, causing genomic instability, eventually resulting 
in oncogenic transformation of non-tumorigenic cells 
into tumor-initiating cells, and subsequently predisposing 
carriers to epithelial malignancies, such as breast, ovarian, 
and other cancers.66-68

In contrast to the more extensively characterized DNA 
repair genes, HERC2, an E3 ubiquitin ligase, regulates the 
stability and function of several key proteins involved in 
the DDR, including BRCA1 and p53.52 It also regulates 
the activity of proteins associated with homologous 
recombination and nucleotide excision repair pathways.22 
As such, HERC2 is increasingly recognized as an 
important contributor in maintaining genomic stability, 
functioning similarly to MSH2, MLH1, and BRCA1/2. 
The multifaceted role of HERC2 in DNA repair and tumor 
suppression suggests the possibility of a HERC2-associated 
cancer syndrome. Recent studies have implicated HERC2 
in familial glioma.18 Moreover, HERC2 mutations have 
been associated with neurodevelopmental disorders, 
such as Angelman-like syndrome and autism spectrum 
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disorder, indicating its broader role in cellular processes 
beyond DNA repair.69 It is also important to consider that, 
due to HERC2’s interactions with key tumor suppressors, 
such as BRCA1 and p53, its dysfunction may play a role 
in cancer predisposition syndromes, either overlapping 
with or distinct from established conditions, such as 
Li-Fraumeni or Lynch syndrome. The diverse functions of 
HERC2 emphasize the importance of further investigation 
to better define the range of clinical phenotypes associated 
with its mutations.

6. Clinical and research implications of 
HERC2 screening in familial glioma
The growing recognition of HERC2 as a gene significantly 
enriched in familial glioma cohorts presents a promising 
opportunity to enhance current risk assessment and 
diagnostic frameworks for hereditary central nervous 
system tumors. While pathogenic germline mutations 
in genes, such as MSH2, MLH1, BRCA1, and BRCA2 are 
already well-characterized with established penetrance 
rates and clinical guidelines, germline mutations 
in HERC2 remain poorly defined.65,70 As a result, 
standardized recommendations for genetic testing and 
clinical management are currently lacking. Nonetheless, 
the identification of HERC2 as the most significantly 
enriched gene in familial glioma emphasizes its potential 
as a valuable genetic marker for glioma predisposition.18 
Familial glioma is rare (<5% of glioma cases) but carries 
a strong heritable risk. Known high-risk genes include 
those involved in telomere maintenance, such as POT1. 
Recent high-throughput sequencing studies, such as 
those by Nurminen et al.,71 have expanded this list, 
revealing novel rare variants (GALNT13, AR, MYO10) in 
Finnish glioma families, further supporting a polygenic 
inheritance model where no single gene accounts for most 
cases.71 Within this context, HERC2 has emerged as one 
of the most significantly enriched genes in familial glioma 
cohorts, suggesting its potential as a biomarker for glioma 
susceptibility.18

From a clinical perspective, incorporating HERC2 
into multigene next-generation sequencing panels could 
improve early identification of at-risk individuals, guide 
targeted surveillance, and support cascade testing in 
families with unexplained glioma aggregation, particularly 
in the absence of pathogenic variants in established genes, 
such as TP53, CDKN2A, IDH1/2, and MMR genes.72,73 If 
validated to confer increased glioma risk, HERC2 could 
support risk stratification, especially in families where 
glioma presents with atypical features, such as early onset 
or unusual histologic subtypes. Its eventual utility could 
mirror that of BRCA1/2 or MMR genes in hereditary cancer 

syndromes, where identifying pathogenic variants enables 
predictive testing in asymptomatic relatives and risk-
reducing strategies. Furthermore, HERC2 screening could 
enable targeted research enrollment, allowing families with 
HERC2 mutations to participate in longitudinal studies 
to define glioma penetrance, histologic spectrum, and 
outcomes.18,72

However, translation to clinical practice is challenging. 
HERC2 is a large, highly polymorphic gene, and most 
healthy individuals carry multiple benign variants. 
Therefore, aggressive filtering and expert interpretation are 
essential to distinguish pathogenic mutations from benign 
polymorphisms. Moreover, known glioma risk genes still 
explain only a minority of familial cases, and no single 
variant has emerged as a common driver. Families often 
carry unique, rare variants, as illustrated in the Finnish 
cohort,71 highlighting the polygenic and heterogeneous 
nature of familial glioma. As such, HERC2 testing should 
be accompanied by careful genetic counseling, especially 
regarding variants of uncertain significance.

From a diagnostic standpoint, next-generation 
sequencing is becoming an integral component of routine 
neuropathological evaluation, especially with the growing 
demand for molecularly guided therapies. Tools, such as 
GliomaSCAN, a glioma-specific targeted next-generation 
sequencing panel developed by Shin et al.,74 exemplify how 
somatic alterations can be identified with high accuracy.74 
Within this evolving landscape, HERC2 warrants inclusion 
in glioma-specific panels due to its critical role in DDR, 
particularly in homologous recombination and nucleotide 
excision repair.22,52 Germline HERC2 variants may affect 
sensitivity to alkylating agents, such as temozolomide or 
influence radiation responses, highlighting their potential 
in personalized treatment planning. Technically, HERC2 
can be easily incorporated into existing hybrid-capture 
or amplicon-based next-generation sequencing platforms 
used for cancer predisposition screening.75 However, 
interpretation challenges persist due to limited data on 
variant frequency, penetrance, and pathogenicity.

To support routine clinical implementation, robust 
genotype-phenotype correlation studies are essential. 
Resources, such as ClinVar, American College of 
Medical Genetics/Association for Molecular Pathology 
guidelines and in silico models offer a foundation for 
variant interpretation, but they must be supplemented 
with functional assays and population-level analyses to 
define HERC2 variant expressivity and pathogenicity.76,77 
Future research should prioritize identifying glioma 
families with HERC2 mutations to better delineate tumor 
subtypes, clinical penetrance, and biological mechanisms. 
Importantly, the practical utility of HERC2 as a biomarker 
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depends not only on its statistical enrichment in familial 
glioma but also on evidence that its detection improves 
clinical outcomes through early intervention or tailored 
therapies.

From a research perspective, HERC2’s pleiotropic roles 
in p53 regulation, chromatin remodeling, and DNA damage 
signaling warrant investigation into its mechanistic role in 
gliomagenesis.22,52,69 The integration of prospective clinical-
genomic registries, functional studies, and pedigree-based 
investigations will be pivotal to determine the full clinical 
relevance of germline HERC2 variants. Building a robust 
evidence base will be essential to validate HERC2 as a 
glioma susceptibility gene and to inform future guidelines 
for genetic counseling, risk-adapted surveillance, and 
targeted preventive strategies in familial glioma.

7. HERC2 in a therapeutic perspective
HERC2 plays a key role in several critical DNA repair 
pathways, as previously discussed. Given this role, tumors 
with HERC2 gene mutations may have a compromised 
ability to repair DNA damage effectively. This inherent 
deficiency could create a therapeutic vulnerability that 
can be exploited through synthetic lethality.78 In synthetic 
lethality, the disruption of a single gene is compatible with 
cell survival, yet the simultaneous disruption of two or 
more specific genes leads to cell death. Thus, for glioma 
cells with HERC2 mutations, inhibiting a second pathway 
that becomes essential for survival as HERC2 defects could 
lead to tumor-specific cell death. The crucial role of HERC2 
in DNA repair mechanisms suggests that glioma cells with 
HERC2 mutations might be especially susceptible to drugs 
that further disrupt the repair of damaged DNA. This 
opens promising avenues for the development of novel 
therapeutic strategies.

HERC2, as an E3 ubiquitin ligase, is inherently difficult 
to target with small molecule inhibitors, as E3-substrate 
interactions are transient and dynamic.79 However, GDC-
199 (also known as venetoclax), approved for chronic 
lymphocytic leukemia and small lymphocytic lymphoma, 
shows promise for more interventions in disrupting 
protein-protein interactions.80 To overcome this challenge, 
future therapeutic interventions may focus on modulating 
its downstream pathways. For instance, RNF8 contributes 
to cancer chemoresistance and progression through 
the activation of the transcription factor Twist.81 Thus, 
targeting RNF8 can be an effective strategy to combat 
tumor aggressiveness and undo its chemoresistance, which 
eventually turns a potential liability into an opportunity 
for therapeutics. Another example is the UBC13 (also 
known as UBE2N), a critical E2 ubiquitin-conjugating 
enzyme that is in tandem with RNF8 to produce signals 

that prevent degradation and promote metastasis.47 Small-
molecule inhibitors, such as NSC697923 and BAY 11-7082 
target UBC13 and thus validate its druggability.

Despite promising therapeutic possibilities, significant 
challenges exist in translating findings related to germline 
mutations to widespread adoption in clinical practice. 
Familial glioma itself is a relatively rare disease, and 
specific HERC2 mutations within this already small subset 
of gliomas might be even less frequent, despite being 
the most significantly enhanced gene in recent analyses. 
This rarity presents a considerable hurdle for conducting 
larger-scale clinical trials, which are necessary for the 
rigorous evaluation of potential therapies. In addition, 
developing preclinical models that accurately reflect the 
complex genetic landscape of familial glioma, including 
the presence of specific HERC2 mutations, is crucial in the 
early phases of drug development.

Apart from these considerations, the current lack of clear 
guidance on HERC2 testing in glioma makes it challenging 
for genetic counselors to provide advice. Similar to other 
novel cancers, several dilemmas arise. These include how a 
discovery of a HERC2 variant of unclear significance would 
change surveillance or prophylactic measures in relatives, 
and if findings with unconfirmed implications for disease 
pathogenesis should be disclosed to patients undergoing 
investigations.82

The rarity of familial glioma and the frequency of 
specific HERC2 mutations within this group necessitate 
collaborative research efforts to overcome these challenges 
and ultimately translate research findings into meaningful 
clinical improvements for patients and their families. 
While the discovery of HERC2 mutations is promising, 
further investigations are needed to ensure that the results 
are truly actionable.

8. Future perspectives
Although this study focuses on the role of HERC2 in 
familial glioma, it is also important to investigate whether 
this gene plays a significant role in the more prevalent 
sporadic forms of the disease.18 Analyzing the frequency 
of HERC2 mutations and examining its expression 
levels in large cohorts of patients with sporadic gliomas 
could reveal its potential involvement in non-hereditary 
cases. A  comprehensive understanding of HERC2’s role 
across different glioma subtypes and grades, as well as 
both familial and sporadic occurrences, will provide a 
more complete picture of its overall contribution to the 
development of gliomas.

Future research may further investigate penetrance, 
animal modeling, or biomarker development. However, 
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given limited resources, attention may be focused on 
further developing the exact model of HERC2-driven 
gliomagenesis through cellular or animal models. Further 
clarifying these links can lead to the identification of 
molecular targets to develop new and more precise 
interventions. Modeling efforts will clarify penetrance 
and natural history (informing risk estimates), identify 
biomarkers in the tumor and its microenvironment, and 
uncover druggable pathways. Interpretation of clinical 
observations and the design of pathway-targeted therapies 
would benefit from more solid biological foundations.

The new findings on HERC2 add to the trend of 
leveraging DNA repair defects in cancer therapy. Like 
BRCA1/2 in breast cancer, or MMR deficiency in colon 
cancer, HERC2-linked gliomas may define a set of brain 
tumors sensitive to DNA repair-related therapies and open 
therapeutic avenues for other cancers with similar HERC2 
mutations.35 For example, the concept that loss of HERC2 
enhances the efficacy of CX-5461 may extend to other 
tumors with HERC2 mutations.

9. Conclusion
This study highlights HERC2 as a guardian of the genome 
with an important role in DNA damage repair, cell cycle 
regulation, and tumor suppression, in the context of familial 
glioma. Recently, whole-genome sequencing studies have 
identified HERC2 as the most significantly enriched gene 
with rare, deleterious variants in familial glioma cohorts, 
suggesting a potential genetic predisposition previously 
unrecognized in glioma due to its predominantly sporadic 
nature.

As an E3 ubiquitin ligase, HERC2 plays a central role 
in coordinating multiple DNA repair pathways, especially 
through its interactions with key proteins, such as p53, 
BRCA1, RNF8, and ubiquitin-specific peptidase 16. 
However, mutations, such as loss-of-function, truncating, 
or missense mutations in HERC2 disrupt these pathways, 
resulting in genomic instability, impaired DNA repair, and 
unchecked cellular proliferation, considered hallmarks of 
tumorigenesis.

While HERC2 mutations mirror dysfunctions in well-
known glioma-associated genes, such as TP53, ATRX, 
and IDH1, it operates uniquely as an upstream regulator 
that modulates multiple tumor suppressor genes and 
repair mechanisms, making it a possible biomarker for 
familial glioma risk screening and a promising therapeutic 
target. However, cautious interpretation is required given 
HERC2’s size, polymorphic nature, and the rarity of familial 
glioma. More research is needed to determine the clinical 
significance, penetrance, and therapeutic implications of 
HERC2 mutations.

In summary, this study underscores the emerging role 
of HERC2 in familial glioma, with significant implications 
for diagnostics, prognosis, and targeted therapy; however, 
validation through broader investigation remains essential.

Acknowledgments
None.

Funding
None.

Conflict of interest
The authors declare that they have no competing interests.

Author contributions
Conceptualization: All authors
Visualization: Michael Christian Virata
Writing – original draft: All authors
Writing – review & editing: Michael Christian Virata

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Availability of data
Not applicable.

References
1.	 Berger TR, Wen PY, Lang-Orsini M, et al. World Health 

Organization 2021 classification of central nervous system 
tumors and implications for therapy for adult-type gliomas: 
A review. JAMA Oncol. 2022;8(10):1493.

	 doi: 10.1001/jamaoncol.2022.2844

2.	 Ostrom QT, Price M, Neff C, et al. CBTRUS statistical 
report: Primary brain and other central nervous system 
tumors diagnosed in the United States in 2016-2020. Neuro 
Oncol. 2023;25(Suppl 4):iv1-iv99.

	 doi: 10.1093/neuonc/noad149

3.	 Ohgaki H, Kleihues P. Population-based studies on 
incidence, survival rates, and genetic alterations in astrocytic 
and oligodendroglial gliomas. J  Neuropathol Exp Neurol. 
2005;64(6):479-489.

	 doi: 10.1093/jnen/64.6.479

4.	 Mackay A, Burford A, Carvalho D, et al. Integrated molecular 
meta-analysis of 1,000 pediatric high-grade and diffuse 
intrinsic pontine glioma. Cancer Cell. 2017;32(4):520-537.e5.

	 doi: 10.1016/j.ccell.2017.08.017

https://dx.doi.org/10.36922/AN025220069
http://dx.doi.org/10.1001/jamaoncol.2022.2844
http://dx.doi.org/10.1093/neuonc/noad149
http://dx.doi.org/10.1093/jnen/64.6.479
http://dx.doi.org/10.1016/j.ccell.2017.08.017


Advanced Neurology HERC2 gene and familial glioma oncogenesis

Volume 5 Issue 2 (2026)	 12� doi: 10.36922/AN025220069

5.	 Wrensch M, Lee M, Miike R, et al. Familial and personal 
medical history of cancer and nervous system conditions 
among adults with glioma and controls. Am J Epidemiol. 
1997;145(7):581-593.

	 doi: 10.1093/oxfordjournals.aje.a009154

6.	 Molinaro AM, Taylor JW, Wiencke JK, et al. Genetic and 
molecular epidemiology of adult diffuse glioma. Nat Rev 
Neurol. 2019;15(7):405-417.

	 doi: 10.1038/s41582-019-0220-2

7.	 Sadetzki S, Bruchim R, Oberman B, et al. Description of 
selected characteristics of familial glioma patients - Results 
from the Gliogene Consortium. Eur J Cancer. 
2013;49(6):1335-1345.

	 doi: 10.1016/j.ejca.2012.11.009

8.	 Komori T. Grading of adult diffuse gliomas according to the 
2021 WHO Classification of tumors of the central nervous 
system. Lab Investig. 2022;102(2):126-133.

	 doi: 10.1038/s41374-021-00667-6

9.	 Louis DN, Perry A, Wesseling P, et al. The 2021 WHO 
classification of tumors of the central nervous system: 
A summary. Neuro Oncol. 2021;23(8):1231-1251.

	 doi: 10.1093/neuonc/noab106

10.	 Shirahata M, Ono T, Stichel D, et al. Novel, improved 
grading system(s) for IDH-mutant astrocytic gliomas. Acta 
Neuropathol. 2018;136(1):153-166.

	 doi: 10.1007/s00401-018-1849-4

11.	 Mortazavi A, Fayed I, Bachani M, et al. IDH-mutated gliomas 
promote epileptogenesis through d  -2-hydroxyglutarate-
dependent mTOR hyperactivation. Neuro Oncol. 
2022;24(9):1423-1435.

	 doi: 10.1093/neuonc/noac003

12.	 Carstam L, Corell A, Smits A, et al. WHO grade loses its 
prognostic value in molecularly defined diffuse lower-grade 
gliomas. Front Oncol. 2022;11:803975.

	 doi: 10.3389/fonc.2021.803975

13.	 Nakase K, Matsuda R, Sasaki S, et al. Lynch syndrome-
associated glioblastoma treated with concomitant 
chemoradiotherapy and immune checkpoint inhibitors: 
Case report and review of literature. Brain Tumor Res Treat. 
2024;12(1):70.

	 doi: 10.14791/btrt.2023.0042

14.	 Webster Carrion A, Shah AC, Kotch C. Neurofibromatosis 
type 1-associated gliomas and other tumors: A new pathway 
forward? Pediatr Hematol Oncol J. 2023;8(2):129-135.

	 doi: 10.1016/j.phoj.2023.05.002

15.	 Sloan EA, Hilz S, Gupta R, et al. Gliomas arising in the 
setting of Li-Fraumeni syndrome stratify into two molecular 
subgroups with divergent clinicopathologic features. Acta 

Neuropathol. 2020;139(5):953-957.

	 doi: 10.1007/s00401-020-02144-8

16.	 Chan AK, Han SJ, Choy W, et al. Familial melanoma-
astrocytoma syndrome: Synchronous diffuse astrocytoma 
and pleomorphic xanthoastrocytoma in a patient with 
germline CDKN2A/B deletion and a significant family 
history. Clin Neuropathol. 2017;36(5):213-221.

	 doi: 10.5414/NP301022

17.	 Wibom C, Späth F, Dahlin AM, et al. Investigation of 
established genetic risk variants for glioma in prediagnostic 
samples from a population-based nested case-control study. 
Cancer Epidemiol Biomarkers Prev. 2015;24(5):810-816.

	 doi: 10.1158/1055-9965.EPI-14-1106

18.	 Choi DJ, Armstrong G, Lozzi B, et al. The genomic landscape 
of familial glioma. Sci Adv. 2023;9(17):eade2675.

	 doi: 10.1126/sciadv.ade2675

19.	 Lemak A, Gutmanas A, Chitayat S, et al. A novel strategy 
for NMR resonance assignment and protein structure 
determination. J Biomol NMR. 2011;49(1):27-38.

	 doi: 10.1007/s10858-010-9458-0

20.	 Ohtsubo M, Okazaki H, Nishimoto T. The RCC1 protein, 
a regulator for the onset of chromosome condensation 
locates in the nucleus and binds to DNA. J  Cell Biol. 
1989;109(4):1389-1397.

	 doi: 10.1083/jcb.109.4.1389

21.	 Elahian F, Sepehrizadeh Z, Moghimi B, et al. Human 
cytochrome b5 reductase: Structure, function, and potential 
applications. Crit Rev Biotechnol. 2014;34(2):134-143.

	 doi: 10.3109/07388551.2012.732031

22.	 Bekker-Jensen S, Danielsen JR, Fugger K, et al. HERC2 
coordinates ubiquitin-dependent assembly of DNA 
repair factors on damaged chromosomes. Nat Cell Biol. 
2010;12(1):80-86.

	 doi: 10.1038/ncb2008

23.	 Cubillos-Rojas M, Schneider T, Hadjebi O, et al. The HERC2 
ubiquitin ligase is essential for embryonic development and 
regulates motor coordination. Oncotarget. 2016;7(35):56083-
56106.

	 doi: 10.18632/oncotarget.11270

24.	 Mathieu NA, Levin RH, Spratt DE. Exploring the roles 
of HERC2 and the NEDD4L HECT E3 ubiquitin ligase 
subfamily in p53 signaling and the DNA damage response. 
Front Oncol. 2021;11:659049.

	 doi: 10.3389/fonc.2021.659049

25.	 Tencer AH, Liu J, Zhu J, et al. The ZZ domain of HERC2 is a 
receptor of arginylated substrates. Sci Rep. 2022;12(1):6063.

	 doi: 10.1038/s41598-022-10119-w

https://dx.doi.org/10.36922/AN025220069
http://dx.doi.org/10.1093/oxfordjournals.aje.a009154
http://dx.doi.org/10.1038/s41582-019-0220-2
http://dx.doi.org/10.1016/j.ejca.2012.11.009
http://dx.doi.org/10.1038/s41374-021-00667-6
http://dx.doi.org/10.1093/neuonc/noab106
http://dx.doi.org/10.1007/s00401-018-1849-4
http://dx.doi.org/10.1093/neuonc/noac003
http://dx.doi.org/10.3389/fonc.2021.803975
http://dx.doi.org/10.14791/btrt.2023.0042
http://dx.doi.org/10.1016/j.phoj.2023.05.002
http://dx.doi.org/10.1007/s00401-020-02144-8
http://dx.doi.org/10.5414/NP301022
http://dx.doi.org/10.1158/1055-9965.EPI-14-1106
http://dx.doi.org/10.1126/sciadv.ade2675
http://dx.doi.org/10.1007/s10858-010-9458-0
http://dx.doi.org/10.1083/jcb.109.4.1389
http://dx.doi.org/10.3109/07388551.2012.732031
http://dx.doi.org/10.1038/ncb2008
http://dx.doi.org/10.18632/oncotarget.11270
http://dx.doi.org/10.3389/fonc.2021.659049
http://dx.doi.org/10.1038/s41598-022-10119-w


Advanced Neurology HERC2 gene and familial glioma oncogenesis

Volume 5 Issue 2 (2026)	 13� doi: 10.36922/AN025220069

26.	 Dikic I, Schulman BA. An expanded lexicon for the ubiquitin 
code. Nat Rev Mol Cell Biol. 2023;24(4):273-287.

	 doi: 10.1038/s41580-022-00543-1

27.	 Abraham JR, Barnard J, Wang H, et al. Proteomic 
investigations of human HERC2 mutants: Insights into the 
pathobiology of a neurodevelopmental disorder. Biochem 
Biophys Res Commun. 2019;512(2):421-427.

	 doi: 10.1016/j.bbrc.2019.02.149

28.	 Valnegri P, Huang J, Yamada T, et al. RNF8/UBC13 ubiquitin 
signaling suppresses synapse formation in the mammalian 
brain. Nat Commun. 2017;8(1):1271.

	 doi: 10.1038/s41467-017-01333-6

29.	 Danielsen JR, Povlsen LK, Villumsen BH, et al. DNA 
damage-inducible SUMOylation of HERC2 promotes RNF8 
binding via a novel SUMO-binding Zinc finger. J Cell Biol. 
2012;197(2):179-187.

	 doi: 10.1083/jcb.201106152

30.	 Sánchez-Tena S, Cubillos-Rojas M, Schneider T, et al. Functional 
and pathological relevance of HERC family proteins: A decade 
later. Cell Mol Life Sci. 2016;73(10):1955-1968.

	 doi: 10.1007/s00018-016-2139-8

31.	 Shah SS, Kumar S. Adaptors as the regulators of HECT 
ubiquitin ligases. Cell Death Differ. 2021;28(2):455-472.

	 doi: 10.1038/s41418-020-00707-6

32.	 Smith ML, Chen IT, Zhan Q, et al. Interaction of the p53-
regulated protein gadd45 with proliferating cell nuclear 
antigen. Science. 1994;266(5189):1376-1380.

	 doi: 10.1126/science.7973727

33.	 Hall JR, Lee HO, Bunker BD, et al. Cdt1 and Cdc6 are 
destabilized by rereplication-induced DNA damage. J  Biol 
Chem. 2008;283(37):25356-25363.

	 doi: 10.1074/jbc.M802667200

34.	 Wu W, Koike A, Takeshita T, et al. The ubiquitin E3 ligase 
activity of BRCA1 and its biological functions. Cell Div. 
2008;3(1):1.

	 doi: 10.1186/1747-1028-3-1

35.	 Zhu M, Wu W, Togashi Y, et al. HERC2 inactivation 
abrogates nucleolar localization of RecQ helicases BLM and 
WRN. Sci Rep. 2021;11(1):360.

	 doi: 10.1038/s41598-020-79715-y

36.	 Zhu M, Zhao H, Liao J, et al. HERC2/USP20 coordinates 
CHK1 activation by modulating CLASPIN stability. Nucleic 
Acids Res. 2014;42(21):13074-13081.

	 doi: 10.1093/nar/gku978

37.	 Zhang Z, Yang H, Wang H. The histone H2A deubiquitinase 
USP16 interacts with HERC2 and fine-tunes cellular response 
to DNA damage. J Biol Chem. 2014;289(47):32883-32894.

	 doi: 10.1074/jbc.M114.599605

38.	 Wu W, Rokutanda N, Takeuchi J, et al. HERC2 facilitates BLM 
and WRN helicase complex interaction with RPA to suppress 
G-quadruplex DNA. Cancer Res. 2018;78(22):6371-6385.

	 doi: 10.1158/0008-5472.CAN-18-1877

39.	 Lee TH, Park JM, Leem SH, et al. Coordinated regulation 
of XPA stability by ATR and HERC2 during nucleotide 
excision repair. Oncogene. 2014;33(1):19-25.

	 doi: 10.1038/onc.2012.539

40.	 Cubillos-Rojas M, Schneider T, Bartrons R, et al. NEURL4 
regulates the transcriptional activity of tumor suppressor 
protein p53 by modulating its oligomerization. Oncotarget. 
2017;8(37):61824-61836.

	 doi: 10.18632/oncotarget.18699

41.	 Clynes D, Jelinska C, Xella B, et al. Suppression of the 
alternative lengthening of telomere pathway by the 
chromatin remodelling factor ATRX. Nat Commun. 
2015;6(1):7538.

	 doi: 10.1038/ncomms8538

42.	 Sulkowski PL, Corso CD, Robinson ND, et al. 
2-Hydroxyglutarate produced by neomorphic IDH 
mutations suppresses homologous recombination and 
induces PARP inhibitor sensitivity. Sci Transl Med. 
2017;9(375):eaal2463.

	 doi: 10.1126/scitranslmed.aal2463

43.	 Weller M, Wick W, Aldape K, et al. Glioma. Nat Rev Dis 
Primers. 2015;1(1):15017.

	 doi: 10.1038/nrdp.2015.17

44.	 Conger K. Genes Linked to Familial Brain Cancer Identified 
in Stanford Medicine-led Study. Stanford Medicine News 
Center. Available from: https://med.stanford.edu/news/all-
news/2023/05/familial-brain-cancer.html [Last accessed on 
2023 May 17].

45.	 Kim T, Lee A, Ahn S, et al. Comprehensive molecular genetic 
analysis in glioma patients by next generation sequencing. 
Brain Tumor Res Treat. 2024;12(1):23-39.

	 doi: 10.14791/btrt.2023.0036

46.	 Pérez-Villegas EM, Ruiz R, Bachiller S, et al. The HERC 
proteins and the nervous system. Semin Cell Dev Biol. 
2022;132:5-15.

	 doi: 10.1016/j.semcdb.2021.11.017

47.	 Sala-Gaston J, Martinez-Martinez A, Pedrazza L, et al. 
HERC ubiquitin ligases in cancer. Cancers. 2020;12(6):1653.

	 doi: 10.3390/cancers12061653

48.	 Elpidorou M, Best S, Poulter JA, et al. Novel loss-of-function 
mutation in HERC2 is associated with severe developmental 
delay and paediatric lethality. J Med Genet. 2021;58(5):334-341.

	 doi: 10.1136/jmedgenet-2020-106873

https://dx.doi.org/10.36922/AN025220069
http://dx.doi.org/10.1038/s41580-022-00543-1
http://dx.doi.org/10.1016/j.bbrc.2019.02.149
http://dx.doi.org/10.1038/s41467-017-01333-6
http://dx.doi.org/10.1083/jcb.201106152
http://dx.doi.org/10.1007/s00018-016-2139-8
http://dx.doi.org/10.1038/s41418-020-00707-6
http://dx.doi.org/10.1126/science.7973727
http://dx.doi.org/10.1074/jbc.M802667200
http://dx.doi.org/10.1186/1747-1028-3-1
http://dx.doi.org/10.1038/s41598-020-79715-y
http://dx.doi.org/10.1093/nar/gku978
http://dx.doi.org/10.1074/jbc.M114.599605
http://dx.doi.org/10.1158/0008-5472.CAN-18-1877
http://dx.doi.org/10.1038/onc.2012.539
http://dx.doi.org/10.18632/oncotarget.18699
http://dx.doi.org/10.1038/ncomms8538
http://dx.doi.org/10.1126/scitranslmed.aal2463
http://dx.doi.org/10.1038/nrdp.2015.17
http://dx.doi.org/10.14791/btrt.2023.0036
http://dx.doi.org/10.1016/j.semcdb.2021.11.017
http://dx.doi.org/10.3390/cancers12061653
http://dx.doi.org/10.1136/jmedgenet-2020-106873


Advanced Neurology HERC2 gene and familial glioma oncogenesis

Volume 5 Issue 2 (2026)	 14� doi: 10.36922/AN025220069

49.	 Minde DP, Anvarian Z, Rüdiger SG, et al. Messing up 
disorder: How do missense mutations in the tumor 
suppressor protein APC lead to cancer? Mol Cancer. 
2011;10(1):101.

	 doi: 10.1186/1476-4598-10-101

50.	 Rivas MA, Pirinen M, Conrad DF, et al. Effect of predicted 
protein-truncating genetic variants on the human 
transcriptome. Science. 2015;348(6235):666-669.

	 doi: 10.1126/science.1261877

51.	 Frattini V, Trifonov V, Chan JM, et al. The integrated 
landscape of driver genomic alterations in glioblastoma. Nat 
Genet. 2013;45(10):1141-1149.

	 doi: 10.1038/ng.2734

52.	 Cubillos-Rojas M, Amair-Pinedo F, Peiró-Jordán R, et al. The 
E3 ubiquitin protein ligase HERC2 modulates the activity of 
tumor protein p53 by regulating its oligomerization. J Biol 
Chem. 2014;289(21):14782-14795.

	 doi: 10.1074/jbc.M113.527978

53.	 Cao Y, Zhu H, Liu W, et al. Multi-omics analysis based on 
genomic instability for prognostic prediction in lower-grade 
glioma. Front Genet. 2022;12:758596.

	 doi: 10.3389/fgene.2021.758596

54.	 Lindeboom RGH, Supek F, Lehner B. The rules and impact 
of nonsense-mediated mRNA decay in human cancers. Nat 
Genet. 2016;48(10):1112-1118.

	 doi: 10.1038/ng.3664

55.	 Squalli Houssaini A, Lamrabet S, Senhaji N, et al. Prognostic 
value of ATRX and p53 status in high-grade glioma patients 
in Morocco. Cureus. 2024;16:e56361.

	 doi: 10.7759/cureus.56361

56.	 Noor H, Briggs NE, McDonald KL, et al. TP53 mutation is a 
prognostic factor in lower grade glioma and may influence 
chemotherapy efficacy. Cancers. 2021;13(21):5362.

	 doi: 10.3390/cancers13215362

57.	 Zhang Y, Dube C, Gibert M, et al. The p53 pathway in 
glioblastoma. Cancers. 2018;10(9):297.

	 doi: 10.3390/cancers10090297

58.	 Muller PAJ, Vousden KH. Mutant p53 in cancer: New 
functions and therapeutic opportunities. Cancer Cell. 
2014;25(3):304-317.

	 doi: 10.1016/j.ccr.2014.01.021

59.	 Bao S, Wu Q, McLendon RE, et al. Glioma stem cells 
promote radioresistance by preferential activation of the 
DNA damage response. Nature. 2006;444(7120):756-760.

	 doi: 10.1038/nature05236

60.	 Gaiddon C, Lokshin M, Ahn J, et al. A  subset of tumor-
derived mutant forms of p53 down-regulate p63 and p73 

through a direct interaction with the p53 core domain. Mol 
Cell Biol. 2001;21(5):1874-1887.

	 doi: 10.1128/MCB.21.5.1874-1887.2001

61.	 Vogiatzi F, Brandt DT, Schneikert J, et al. Mutant p53 
promotes tumor progression and metastasis by the 
endoplasmic reticulum UDPase ENTPD5. Proc Natl Acad 
Sci USA. 2016;113(52):E8433-E8442.

	 doi: 10.1073/pnas.1612711114

62.	 García‐Cano J, Sánchez‐Tena S, Sala‐Gaston J, et al. 
Regulation of the MDM2‐p53 pathway by the ubiquitin 
ligase HERC2. Mol Oncol. 2020;14(1):69-86.

	 doi: 10.1002/1878-0261.12592

63.	 Imyanitov EN, Kuligina ES, Sokolenko AP, et al. Hereditary 
cancer syndromes. World J Clin Oncol. 2023;14(2):40-68.

	 doi: 10.5306/wjco.v14.i2.40

64.	 Garber JE, Offit K. Hereditary cancer predisposition 
syndromes. J Clin Oncol. 2005;23(2):276-292.

	 doi: 10.1200/JCO.2005.10.042

65.	 Mensenkamp AR, Vogelaar IP, Van Zelst-Stams WAG, 
et al. Somatic mutations in MLH1 and MSH2 are a frequent 
cause of mismatch-repair deficiency in lynch syndrome-like 
tumors. Gastroenterology. 2014;146(3):643-646.e8.

	 doi: 10.1053/j.gastro.2013.12.002

66.	 Gorodetska I, Kozeretska I, Dubrovska A. BRCA genes: 
The role in genome stability, cancer stemness and therapy 
resistance. J Cancer. 2019;10(9):2109-2127.

	 doi: 10.7150/jca.30410

67.	 Jiang Q, Greenberg RA. Deciphering the BRCA1 tumor 
suppressor network. J  Biol Chem. 2015;290(29):17724-
17732.

	 doi: 10.1074/jbc.R115.667931

68.	 Lord CJ, Ashworth A. The DNA damage response and 
cancer therapy. Nature. 2012;481(7381):287-294.

	 doi: 10.1038/nature10760

69.	 Harlalka GV, Baple EL, Cross H, et al. Mutation of HERC2 
causes developmental delay with Angelman-like features. 
J Med Genet. 2013;50(2):65-73.

	 doi: 10.1136/jmedgenet-2012-101367

70.	 Easton DF, Pharoah PDP, Antoniou AC, et al. Gene-panel 
sequencing and the prediction of breast-cancer risk. N Engl 
J Med. 2015;372(23):2243-2257.

	 doi: 10.1056/NEJMsr1501341

71.	 Nurminen R, Afyounian E, Paunu N, et al. Previously 
reported CCDC26 risk variant and novel germline variants 
in GALNT13, AR, and MYO10 associated with familial 
glioma in Finland. Sci Rep. 2024;14(1):11562.

	 doi: 10.1038/s41598-024-62296-5

https://dx.doi.org/10.36922/AN025220069
http://dx.doi.org/10.1186/1476-4598-10-101
http://dx.doi.org/10.1126/science.1261877
http://dx.doi.org/10.1038/ng.2734
http://dx.doi.org/10.1074/jbc.M113.527978
http://dx.doi.org/10.3389/fgene.2021.758596
http://dx.doi.org/10.1038/ng.3664
http://dx.doi.org/10.7759/cureus.56361
http://dx.doi.org/10.3390/cancers13215362
http://dx.doi.org/10.3390/cancers10090297
http://dx.doi.org/10.1016/j.ccr.2014.01.021
http://dx.doi.org/10.1038/nature05236
http://dx.doi.org/10.1128/MCB.21.5.1874-1887.2001
http://dx.doi.org/10.1073/pnas.1612711114
http://dx.doi.org/10.1002/1878-0261.12592
http://dx.doi.org/10.5306/wjco.v14.i2.40
http://dx.doi.org/10.1200/JCO.2005.10.042
http://dx.doi.org/10.1053/j.gastro.2013.12.002
http://dx.doi.org/10.7150/jca.30410
http://dx.doi.org/10.1074/jbc.R115.667931
http://dx.doi.org/10.1038/nature10760
http://dx.doi.org/10.1136/jmedgenet-2012-101367
http://dx.doi.org/10.1056/NEJMsr1501341
http://dx.doi.org/10.1038/s41598-024-62296-5


Advanced Neurology HERC2 gene and familial glioma oncogenesis

Volume 5 Issue 2 (2026)	 15� doi: 10.36922/AN025220069

72.	 Rice T, Lachance DH, Molinaro AM, et al. Understanding 
inherited genetic risk of adult glioma - a review. Neuro Oncol 
Pract. 2016;3(1):10-16.

	 doi: 10.1093/nop/npv026

73.	 Vivancos Sánchez C, Esteban Rodríguez MI, Peláez García A, 
et al. Clinical impact of a next-generation sequencing 
approach for glioblastoma patients. Cancers. 2025;17(5):744.

	 doi: 10.3390/cancers17050744

74.	 Shin HW, Hong SW, Youn YC. Clinical aspects of 
the differential diagnosis of Parkinson’s disease and 
parkinsonism. J Clin Neurol. 2022;18(3):259.

	 doi: 10.3988/jcn.2022.18.3.259

75.	 Chang F, Li MM. Clinical application of amplicon-based 
next-generation sequencing in cancer. Cancer Genet. 
2013;206(12):413-419.

	 doi: 10.1016/j.cancergen.2013.10.003

76.	 Landrum MJ, Lee JM, Benson M, et al. ClinVar: Improving 
access to variant interpretations and supporting evidence. 
Nucleic Acids Res. 2018;46(D1):D1062-D1067.

	 doi: 10.1093/nar/gkx1153

77.	 Richards S, Aziz N, Bale S, et al. Standards and guidelines for 
the interpretation of sequence variants: A  joint consensus 
recommendation of the American College of Medical 
Genetics and Genomics and the Association for Molecular 

Pathology. Genet Med. 2015;17(5):405-424.

	 doi: 10.1038/gim.2015.30

78.	 Richard SA. Advances in synthetic lethality modalities for 
glioblastoma multiforme. Open Med. 2024;19(1):20240981.

	 doi: 10.1515/med-2024-0981

79.	 Scholz N, Kurian KM, Siebzehnrubl FA, et al. Targeting 
the ubiquitin system in glioblastoma. Front Oncol. 
2020;10:574011.

	 doi: 10.3389/fonc.2020.574011

80.	 Souers AJ, Leverson JD, Boghaert ER, et al. ABT-199, a 
potent and selective BCL-2 inhibitor, achieves antitumor 
activity while sparing platelets. Nat Med. 2013;19(2):202-208.

	 doi:10.1038/nm.3048

81.	 Lee HJ, Li CF, Ruan D, et al. The DNA damage transducer 
RNF8 facilitates cancer chemoresistance and progression 
through twist activation. Mol Cell. 2016;63(6):1021-1033.

	 doi: 10.1016/j.molcel.2016.08.009

82.	 Dixon K, Young S, Shen Y, et al. Establishing a framework 
for the clinical translation of germline findings in precision 
oncology. JNCI Cancer Spectr. 2020;4(5):pkaa045.

	 doi: 10.1093/jncics/pkaa045

https://dx.doi.org/10.36922/AN025220069
http://dx.doi.org/10.1093/nop/npv026
http://dx.doi.org/10.3390/cancers17050744
http://dx.doi.org/10.3988/jcn.2022.18.3.259
http://dx.doi.org/10.1016/j.cancergen.2013.10.003
http://dx.doi.org/10.1093/nar/gkx1153
http://dx.doi.org/10.1038/gim.2015.30
http://dx.doi.org/10.1515/med-2024-0981
http://dx.doi.org/10.3389/fonc.2020.574011
http://dx.doi.org/10.1016/j.molcel.2016.08.009
http://dx.doi.org/10.1093/jncics/pkaa045

