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Glioma: interaction of acquired and germline genetics
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Senescence and aging are two very close linked
concepts, not always with clear boundaries, a situation
that often induces an undifferentiated use of these terms
and misinterpretations regarding their intercalate roles.
Outside of teleonomic hypothesis, aging can be
accepted as the process of functional decline of cells
and organs over time, mechanistically induced by the
progressive convergence of damage onto DNA (nuclear
and mitochondrial), inefficiently counterbalanced by
DNA repair mechanisms [1]. In contrast, senescence (or
more accurate, aging-related senescence) is a stress
cellular response that constricts its onset to a more
limited time window. This cellular state was formerly
characterized by the stable cell cycle arrest despite
mitogenic stimulus, and resistance to apoptosis, but now
it is also recognized that it comes along with hetero-
geneous morphological and functional changes, and
secretion of pro-inflammatory mediators that can
spread this response to surrounding cells (paracrine
senescence) [2].

The ambiguity in the use of both concepts is furnished
by the nonscientific language meaning, and because
both processes share triggers (i.e., DNA damage,
telomeres  shortening, epigenetic changes, and
mitochondrial dysfunction), show persistent activation
of DNA Damage Response pathways, proteostatic
stress, and chronic low-grade inflammation, to finally
end in a loss-of-normal cellular or organ function.
Moreover, the heterogeneity in the transcriptomic
profile in senescence cells and the lack of specific
markers, which depend on the inducer, the elapsed time
until cell evaluation, and the cell type [3], along with
the controversial role about the accumulation of
senescent cells in aging tissues as causality or
consequence factor, set problems to stablish a clear
terminology use, and even arise doubts upon if they
really are two different processes or, on the contrary,
they are interconnected behaviors.

Conceivably, cells cumulate DNA alterations and
sustained activation of repair pathways throughout life
(aging), until they achieve a ‘critical damage tolerance’
that can turn out in three potential outcomes. The
reactivation of programs enabled during embryogenesis
and morphogenesis (the apoptosis’ triggering or
alternatively, the entry into senescence), and the
neoplastic transformation that in turn, can be stimulated
by a senescent microenvironment. These outcomes
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(senescence and tumorigenesis) are reinforced by the
loss of efficiency of the immune system, also affected
by the aging process, in the clearance of damaged
cells. The preferential exit route adopted by a cell in
front of critical damage is currently unknown or, at
least, difficult to predict. Probably, it might depend, or
be influenced, by the intensity of the damage
(extension and velocity of instauration), by the cell
cycle status of the affected cells (quiescent, pro-
liferative or differentiated), by the effectiveness of
DNA repair mechanisms and antioxidant neutralization
systems, and by the regenerative capacity of the
affected tissue.

So, an improvement of definitions is needed, either
through the identification of differential molecular
and/or metabolic signatures for each process, or by the
delimitation of a ‘critical damage tolerance’ concept.
Until this is achieved, it would be more clarifying to
restrict the use of “senescence” for cellular processes
and aging for tissues and systems. Alternatively, it
could be also useful to apply a time-functional
perspective to the use of these terms. Loss of normal
function in a ‘short period of time’ in response to
certain inducers, for senescence; and progressive
acquisition of the typical phenotypic response
(persistent DNA repair pathways, proteostatic stress,
and inflammation) without critical loss of function, for
aging.

Adult diffuse gliomas can be molecularly classified into
more homogenous subtypes with similar clinical and
molecular features using two acquired molecular
alterations: IDH mutation and 1p/19q codeletion.
Starting in 2016 and continuing in the 2021 edition, the
WHO criteria integrated traditional histopathologic
assessment with these two acquired alterations for
pathological diagnosis of glioma [1]. The three primary
molecular resulting subtypes are tumors with (i) both
IDH mutation and 1p/19q codeletion, which are now
referred to as “oligodendroglioma, IDH-mutant, and
1p/19q codeleted”, (ii) tumors with IDH mutation and
with 1p/19q intact, which are now referred to as
“astrocytoma, IDH-mutant”, and (iii) IDH wildtype
tumors, which are now referred to as glioblastoma,
IDH-wildtype. Current research has been aimed at
further understanding these molecular subtypes,
including the germline variants that are associated with
development of these molecular subtypes.
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Initial genome-wide association studies (GWAS) that
treated glioma as a single entity identified nine variants
in eight genes that were associated with development of
adult diffuse glioma [2]. Subsequently, two GWAS
performed by histological subtype identified 18
additional novel germline variants: six that were
associated specifically with high grade glioma (grade
IV, glioblastoma) and 12 that were associated with low
grade glioma (grade 11-111) [2,3]. Notably, these variants
only reached genome-wide significance when the
GWAS was performed within these two histological
subtypes. More recently, our team performed a GWAS
using the 2016 WHO criteria, stratifying patients by
IDH mutation and 1p/19q codeletion and identified two
additional novel regions: SNPs in D2HGDH were
associated with tumors that had an IDH mutation and a
SNP near FAM20C was associated with tumors that had
both IDH mutation and 1p/19q codeletion [4].

The observed germline associations likely reflect the
progression of glioma development. For example, while
most variants are associated with particular histologic or
molecular subtypes, the TP53 germline variant is
associated with the development of all gliomas. Thus,
TP53 may interact with some germline (or acquired)
variants to facilitate the development of IDH-mutant
glioma, and other germline (or acquired) variants to
facilitate the development of IDH wild-type glioma
(primary glioblastoma). Overall, it is very interesting
that many of the germline variants associated with
glioma risk are within or near genes that are commonly
altered in brain tumors (e.g., CDKN2A/B, TERT, EGFR,
IDH1, etc.).

One particularly interesting germline variant is
rsb5705857, which is associated with an approximate 6-
fold increased risk of developing an IDH mutated
glioma and is similar in effect size as BRCA1 with
breast cancer risk. Rs55705857 is located within an
intron of CCDC26, on chromosome band 8q24.21, a
region that contains very few protein-coding genes.
While the 8g24.21 region is associated with
development of many cancers, most variants in this
region that are associated with other cancers are
approximately 1.5 Mb centromeric to rs55705857 [5].
The rs55705857 variant is associated with age at glioma
diagnosis, with patients carrying the risk G allele having
a significantly younger age at diagnosis compared with
patients with the non-risk allele [6,7].

The germline associations can also be used to calculate
a polygenic risk score, from which to estimate relative
and absolute risk of overall glioma and glioma
subtypes. Using the known glioma germline variants,
we developed a polygenic risk model and observed that
patients with a risk score in the highest 5% for IDH-
mutant 1p/19q codeleted subtype or for IDH-mutant

1p/19q intact subtype had more than a 14-fold increased
risk of developing a glioma with an IDH mutation in
comparison to patients with median risk scores [8].
These risk scores will not be used for population
screening because of the low lifetime risk of developing
glioma. However, we are currently evaluating the
clinical utility of these risk scores in pre-defined high-
risk groups. It is important to acknowledge that the
genetic studies discussed above were all performed in
European populations and thus the estimated risks may
not be applicable to other populations. More research is
necessary to performed GWAS in more diverse
populations.

Now that the major germline variants associated with
glioma risk have been identified, it is critical that
functional genomic studies be performed to discern the
mechanism of why these variants are associated with
glioma development. There will likely be important
mechanistic relationships between the germline variants
and the various acquired molecular alterations that are
observed in the tumors and it is likely that the interplay
between germline and acquired alterations will have
important clinical and biologic significance.
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