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Highlights
High mobility group proteins (HMGs) are
the most abundant nuclear proteins next
to histones.

Changes in nuclear HMG levels drive
changes in spatial genome organization.

Nuclear depletion of HMG-box pro-
teins (HMGBs) is a hallmark of se-
nescence entry.

Tumors are ‘addicted’ to HMG over-
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High mobility group proteins (HMGs) are the most abundant nuclear proteins
next to histones and are robustly expressed across tissues and organs. HMGs
can uniquely bend or bind distorted DNA, and are central to such processes as
transcription, recombination, and DNA repair. However, their dynamic associa-
tion with chromatin renders capturing HMGs on chromosomes challenging.
Recent work has changed this and now implicates these factors in spatial
genome organization. Here, I revisit older and review recent literature to describe
how HMGs rewire spatial chromatin interactions to sustain homeostasis or pro-
mote cellular aging. I propose a ‘rheostat’ model to explain how HMG-box pro-
teins (HMGBs), and to some extent HMG A proteins (HMGAs), may control
cellular aging and, likely, cancer progression.
expression for aberrant proliferation.

Changing HMGB levels correlates with
changes in cell proliferation potency.
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HMG Protein Family
HMGs were initially discovered as prominent fast-migrating bands in the electrophoretic profiles
of nuclear extracts. These abundant components of the cell nucleus belong to one large super-
family, but can be further grouped according to their structural and physicochemical properties
into the HMGA (see Glossary), HMGB, and high mobility group N (HMGN) protein families [1].
This article focuses on HMGAs and HMGBs, all of which have C-terminal tails rich in acidic
residues, but each individual factor carries a unique combination of DNA-binding domains diver-
sifying its function (Figure 1A).

HMGA1–4 are expressed across human tissues and organs (Figure 1B). They are characterized
by the presence of one or more tandem AT-hook domains, allowing sequence-selective
(i.e., non-sequence-specific, but also nonrandom) binding to AT-rich stretches in the minor
DNA groove [2,3]. HMGA1 occurs in three alternatively spliced isoforms, HMGA1a–c, that differ
by only a few amino acids; HMGA2 exists as a single variant.

HMGB1–4 carry two consecutive and highly similar (>80% identity) DNA-binding domains, HMG-
box A and B, followed by a variably sized intrinsically disordered acidic tail that is only lacking from
HMGB4. Each HMG box also allows binding via the minor DNA groove with a unique preference
for distorted structures [4]. All HMGBs are expressed in early embryos, but HMGB1 ends up
being ubiquitously produced across adult tissues, while HMGB2 is mostly found in particular
adult niches (e.g., lymphoid organs, heart, and limb joints; Figure 1B). HMGB1 and HMGB2
are particularly abundant nuclear proteins (e.g., in mammalian nuclei there exists ~1 HMGB1
molecule for every 10 nucleosomes [5]). HMGB3 is an embryo-specific factor, while HMGB4
displays exclusive expression in testis, acting as a potent repressor during spermatogenesis
[6]. However, recent data suggest HMGB4 may also be involved in neural differentiation [7].
HMGBs, and in particular HMGB1, have been well studied for their roles once released by
necrotic or senescent cells into the extracellular milieu [1,5]. Here, I attempt to reconcile the
discrete roles of HMGAs and HMGBs in chromatin homeostasis under one unified model.
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Glossary
ChIP-seq: chromatin
immunoprecipitation coupled to
massively parallel sequencing allowing
mapping of transcription factor and
histone mark positions along
chromosomes.
DNA (cytosine-5)-methyl-
transferase 1: responsible for CpG
methylation maintenance in mammalian
cells with a preference for modifying
hemimethylated DNA.
Epithelial-to-mesenchymal
transition: characterized by the loss of
epithelial-like features (like cell polarity
and cell–cell adhesion) from cells gaining
mesenchymal-like migratory and
invasive properties; it is typically
activated in cancer onset and
metastasis.
Embryonic stem cells: cells capable
of differentiating into all three germ
layers, endo-, meso-, and exoderm.
Fluorescence recovery after
photobleaching: an imaging method
allowing the determination of diffusion
kinetics of fluorescently tagged
molecules inside cells.
Hi-C: chromosome conformation
capture assay allowing genome-wide
interrogation of 3D chromatin folding.
HMGA: high mobility group A (formerly
HMG-I(Y)/-I(C)) proteins.
HMGB: high mobility group-box
(formerly HMG-1/-2) proteins.
HMGN: high mobility group N (formerly
HMG-14/-17) proteins.
Mesenchymal stem cells: cells
capable of both chondrogenic and
osteogenic differentiation.
Nicotinamide phospho-ribosyl-
transferase: catalyzes the
condensation of nicotinamide with 5-
phosphoribosyl-1-pyrophosphate to
generate nicotinamide mononucleotide
during NAD+ metabolism.
Non-B-form DNA: refers collectively to
DNA structures that deviate from
canonical right-handed B-form helix, like
left-handed Z-DNA helices, hairpin,
triplex, and cruciform structures or G4-
quadruplexes.
Neural stem cells: cells capable of
generating neurons and glia.
RNA-seq: global transcriptome
analysis via massively parallel
sequencing of cellular RNA.
Senescence-associated
heterochromatin foci: formed by the
spatial co-association of non-
overlapping segments of facultative
(H3K27me3-decorated) and constitutive
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Figure 1. Structural and functional characteristics of HMGs. (A) Schematic representation of domain structure
characterizing the HMGA and HMGB protein families. (B) Protein and mRNA expression levels of HMGA1/2 and HMGB1–4
across adult human tissues (source data adapted from http://www.proteinatlas.org). (C) Top row: HMGB (HMG-box A and
B NMR structures in orange/ red) bind DNA and bend/kink it to facilitate transcription factor binding (p73 structure in green).
Bottom row: HMGB binds to a distorted DNA structure to act as a chaperone for nucleosome sliding or removal.
Abbreviation: HMG, high mobility group protein.

Trends in Genetics
Chromatin binding by HMGAs
HMGAs bind chromatin via their tandem AT-hooks at 5′-ATATTRRRRAWWATT-3′ consensus
sites as revealed by SELEX assays. The CG-rich core of these sites is equally important for effi-
cient binding as the AT-rich flanks [8]. HMGAs induce bending of ~35° to their target DNAwithout
a need for ATP consumption [9,10]. Moreover, super-resolution and electron microscopy
showed that HMGA1 overexpression can drive chromatin aggregation in mammalian cells and
mediate higher-order conformations via DNA supercoiling and looping [10]. Intriguingly, a peptide
corresponding to the extended AT-hook domain of HMGA1 alone was able to induce ordered
condensation of DNA in vitro [11].

Despite many reports on HMGAs binding euchromatin and being involved in gene regulation,
fluorescence recovery after photobleaching (FRAP) analyses revealed a preferential associa-
tion with heterochromatin, as well as binding to mitotic chromosomes during cell division [12].
2 Trends in Genetics, Month 2021, Vol. xx, No. xx

http://www.proteinatlas.org


(H3K9me3-decorated)
heterochromatin.
Senescence-associated secretory
phenotype: a cell type-specific mixture
of molecules produced and secreted by
senescent cells that confers
proinflammatory potential and can drive
paracrine senescence in a cell
population.
Senescence-induced CTCF
clusters: formed specifically upon entry
into replicative senescence; they are
triggered by the nuclear loss of HMGB2.
SELEX: systematic evolution of ligands
by exponential enrichment allows
discovery of the DNA sequences that
transcription factors preferentially bind
in vitro.
Topologically associating domains:
Mbp-sized domains characterized by
increased intra- compared to
interdomain 3D chromatin interactions.
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These observations were recently corroborated by ChIP-seq experiments, where HMGAs were
predominantly found associated with AT-rich stretches of constitutive heterochromatin, while
being largely absent from enhancers and promoters [13,14]. Comparison of genome-wide binding
profiles from mouse embryonic stem cells and neural progenitors revealed a conserved mode
of target recognition driven by A/T content rather than chromatin state [14]. Nevertheless, this
capacity of HMGAs, combined with their ability to bind non-B-form DNA structures, highlights
their potential to act as architectural factors at different scales.

Chromatin binding by HMGBs
The 75-amino-acid-long, HMG-box DNA-binding domain is not only found in HMGBs, but also in
transcription factors like the mitochondrial transcription factor A, the sex-determining SRY
protein, and various SOX/TCF/LEF factors. HMG-box motifs mediate both sequence-specific
and sequence-selective binding to non-B-type DNA. Sequence-selective binding to DNA by
HMGB1–4 involves the preferential recognition of positions marked by bent, kinked, or unwound
DNA, including DNA bulges, four-way junctions, and platinated DNA [15]. Notably, combined
binding by tandem HMG boxes is needed for DNA bending [4,16]. However, although HMGBs
are considered potent DNA binders [1,4], live-cell imaging revealed a highly dynamic association
with chromatin that unfolds in a stop-and-go fashion. HMGB binding to chromatin (the STOP
interval) lasts several seconds longer than its diffusion (the GO interval). Nevertheless, HMGB
turnover at a given binding site is constant [17]. Once bound, HMGBs can modulate chromatin
organization. For example, HMGB1 acts as a chaperone allowing for nucleosome incorporation
or sliding [18,19]. This is due to DNA distortion facilitating either the addition of core histone
octamers or their sliding to promote transcription factor binding to cognate sites [20] (Figure 1C).
In line with this and unlike HMGAs that can drive chromatin compaction [10,11], HMGBs compete
with histone H1 for binding to linker sequences between nucleosomes [21]. Given that histone H1
can condense chromatin in a tunable manner [22], competition with HMGBs could exert control on
various genomic functions, such as transcription or replication.

Much like HMGAs, HMGBs do not only bind interphase chromatin. Imaging studies have found both
HMGB1 and -B2 associated with mitotic chromatin throughout cell division, with both HMG boxes
deemed important for this interaction [23]. HMGB1/B2 were also highlighted in a study of mitotic
binding by 501 transcription factors and were presumed to end up in gene-rich domains after mitosis
[24]. Such ‘bookmarking’ activity opens the possibility of HMGBs being important in the M-to-G1
transition, during which chromatin folding and gene expression are reestablished.

The high abundance of HMGBs in mammalian nuclei and the various reports implicating them in a
range of chromatin-based processes, from nucleosome positioning to gene expression regulation
and DNA damage response, render them an important player for nuclear homeostasis. However,
their labile association with chromatin and the fact that standard (i.e., formaldehyde) fixation fails to
capture HMG-box factors on DNA [23–26] have hindered genome-wide studies of HMGBs. It was
not until recently that a ChIP-seq approach tailored for HMGBs renewed our understanding of
their positioning genome-wide [27,28]. HMGB1 was found bound to >2000, and HMGB2
to >1000 genomic positions in human endothelial and lung fibroblast cells. Both factors were
predominantly bound to active promoters and gene bodies, with <50% of peaks mapping to distal
intergenic positions. In agreement with the disparate roles reported for HMGB1 and -B2,
essentially no overlap between their binding profiles is observed [27,28].

HMGA induction drives heterochromatin reorganization in senescence
Cellular senescence is an irreversible state of replicative arrest induced by a variety of stimuli
as a result of telomere erosion (replicative senescence), spontaneous oncogene activation
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(oncogene-induced senescence), replication stress, or UV exposure (DNA-damage-induced
senescence) [29]. Senescence induction triggers HMGA1/2 overexpression in various cell
types. Earlier and recent work has demonstrated how increased HMGA levels act to reorganize
the cell’s heterochromatic compartment in amanner that facilitates establishment of the senescence
program [28–32].

During oncogene-induced senescence, HMGA overexpression increases chromatin accessibility
genome-wide [33]. It also promotes spatial reorganization of the heterochromatic compartment
into senescence-associated heterochromatin foci (SAHFs), which in turn stabilize the
senescent phenotype by suppressing proliferation-relevant loci [30,34]. This is aided by a
depleted lamin B1 pool causing detachment of H3K9me3-decorated heterochromatin segments
from the lamina [35].Hi-C experiments supported by computational modeling have revealed that
it is the loss of local 3D chromatin interactions in heterochromatin followed by long-range clustering of
these heterochromatic segments that gives rise to SAHFs [36,37]. SAHF emergence allows genes
adjacent to these domains to cluster and be expressed [32] (Figure 2A). HMGA2 depletion from
oncogene-induced senescent cells, or depletion of DNA (cytosine-5)-methyl-transferase 1
(DNMT1) that controls HMGA2 expression, abrogates SAHF formation, and leads to a 3D genome
architecture similar to that seen in replicatively senescent cells [30,32].

Curiously, SAHF formation correlates with increased nuclear pore density in senescence and
requires nucleoporin TPR. Although a functional connection between TPR and HMGAs is yet
to be established, knockdown of TPR leads to SAHF loss without compromising cell cycle arrest
[37]. Generally, senescence is not reversed even if SAHF are resolved, indicating that, once
acquired, it is a metastable state [32,38]. However, in the absence of SAHFs, there is one
senescence hallmark that is compromised: the production and secretion of proinflammatory
cytokines giving rise to the senescence-associated secretory phenotype (SASP) [39]. This
is explained by the inability of SAHF-adjacent genes to be activated [32,37], but also by
HMGA2 deregulation that was shown to sustain the SASP via the control of the metabolic en-
zyme nicotinamide phospho-ribosyl-transferase (NAMPT) [40].

Nuclear loss of HMGBs facilitates senescence entry via euchromatin reorganization
Despite their high abundance, both HMGB1 and B2 are strongly depleted from the nuclei of cells
entering senescence. HMGB1 typically relocalizes to the extracellular space in a p53-dependent
manner. HMGB1 knockdown suffices for inducing replicative arrest, while blocking HMGB1 by
using an antibody attenuated the production and secretion of the SASP [39,41]. HMGB2 is
also depleted from the nuclei of multiple human cell types in response to both replicative and
oncogene-induced senescence [28,42]. Both theHMGB1 and -B2 genes are also transcriptionally
repressed upon senescence entry [27,28,41,42]. Despite this repression and nuclear depletion,
it is reported that any HMGB2 remaining in the nuclei of cells undergoing oncogene-induced
senescence relocates to SASP gene promoters to induce their expression. Knockdown of
HMGB2 in these cells blunts the SASP, presumably by allowing target genes to be incorporated
into heterochromatin [42]. Such an effect was not observed in cells undergoing replicative
senescence [28]. Still, the nuclear depletion of HMGBs constitutes a hallmark of senescence
entry irrespective of the cell type or senescence stimulus used.

A combination of Hi-C and ChIP-seq data has revealed that in proliferating cells both HMGB1 and
-B2 mark hundreds of topologically associating domains (TADs) [27,28]. These Mbp-sized
domains are currently considered as the building blocks of chromosomes [43], and each
HMGB allocates to a different subset. HMGB1, in line with its proinflammatory function when
secreted [5,44], demarcates TADs preferentially harboring SASP-relevant genes. These represent
4 Trends in Genetics, Month 2021, Vol. xx, No. xx
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Figure 2. HMGA/B reorganize chromatin upon senescence entry. (A) Topological domains of different sizes (TAD 1–7; triangles) are depicted for a subregion of a
mammalian chromosome (ideogram). Upon oncogene-induced senescence, HMGA1/2 levels are increased, intraconnectivity in heterochromatic domains is lost, and
SAHF formation follows via longer-range interactions. (B) As in A, but for TAD 1–4 aligned to positions bound by HMGB1 (orange arrows). TAD 3 and 4 carry multiple
HMGB1-bound sites interact spatially. Upon senescence entry, HMGB1 is depleted from the cell nucleus and the SASP-relevant genes in one hotspot TAD (becomes
TAD 3) are upregulated due to higher-order TAD rewiring. (C) As in B, but aligned to positions bound by HMGB2 and CTCF (arrows). CTCF-anchored chromatin loops
are also drawn (black curves). Upon senescence entry, TAD 1–3 merge into one large domain due to HMGB2 loss from their shared boundaries (arrowheads). At the
same time, new CTCF loops emerge across previously bound HMGB2 positions (green curves) that lead to SICC formation. These topological changes correlate with
senescence-induced gene expression changes. Abbreviations: HMG, high mobility group protein; SAHF, senescence-associated heterochromatin foci; SASP,
senescence-associated secretory phenotype; SICC, senescence-induced CTCF cluster; TAD, topologically associating domain.
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hotspots harboring multiple sites bound by HMGB1, and such hotspot TADs spatially coassociate
prior to senescence entry (Figure 2B). In line with this, knocking down HMGB1 indeed triggers
proinflammatory gene activation and the SASP [27]. In addition to this, cells lacking HMGB1
show markedly reduced histone levels accompanied by increased transcription genome-wide,
which in turn renders these cells more susceptible to DNA damage [45].

By contrast, HMGB2 often marks TADs in proliferating cells at their boundaries, which are then
remodeled upon senescence entry [28]. Strikingly, nuclear loss of HMGB2 leads to the dramatic
reorganization of the insulator protein CTCF into senescence-induced CTCF clusters (SICCs)
(Figure 2C). SICC formation correlates with the genome-wide changes in chromatin folding and
gene expression seen in senescence [28]. Notably, knocking down HMGB2 in normal human
cells phenocopies all major senescence-induced changes: the shift in the heterochromatic
compartment in favor of constitutive heterochromatin, the global transcriptional repression, and
Trends in Genetics, Month 2021, Vol. xx, No. xx 5
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SICC emergence. Ectopic re-expression of HMGB2 suffices for rescuing all these effects [28].
Although CTCF and HMGB2 do not physically interact, an analogous dependency was observed
in stressed cardiac cells [46].

Taken together, and in agreement with data from HMGB1/B2 knockout mouse models and ESC
lines (Box 1), the roles of these highly similar factors are disparate with regards to changes in ge-
nome topology and gene regulation. Thus, entry into senescence appears to be an aggregate re-
sult of converging and conflicting changes triggered by the depletion of each HMGB from the cell
nucleus, with single-cell RNA-seq comparing proliferating with senescent cells arguing that the
loss of HMGB2 precedes that of HMGB1 [28].

HMGA/B contribution to tissue and organismal aging
Given their key roles in controlling senescence, HMGs are inevitably also implicated in tissue
and organismal aging. For example, HMGA1 was identified as one of a handful of regulators
central to organismal aging in humans and mice via analysis of their ‘regulatory footprint’
(based on gene expression and cis-element enrichment across tissues) [47], while HMGA2
promotes neural stem cell (NSC) and retinal progenitor self-renewal in young, but not in
old, mice [48,49]. Regarding HMGBs, robust HMGB2 expression in the superficial zone of
human and murine articular cartilage declines with age, gradually leading to its complete
depletion from the niche concomitantly with a decrease in Wnt/β-catenin signaling [50,51].
Hmgb2-null mice present with an early onset and severe escalation of osteoarthritis.Mesenchymal
stem cells (MSCs) from these knockout mice exhibit accelerated osteogenesis at the
expense of chondrogenic potential [52]. Similarly, the age-dependent loss of HMGB2,
but not of HMGB1, from NSCs diminishes their potential to exit quiescence and start
proliferating in response to neurogenic stimuli [53]. Finally, at the organismal scale, decreased
HMGB2 levels correlate significantly with declining functional markers in aged human co-
horts, whereas correlation of established senescence markers like p16INK4a is markedly
weaker [54].

In summary, both in cellular models in vitro and in tissues in vivo, loss of HMGBs underscores the
induction of a state of cellular aging restricting the proliferative or self-renewal capacity of cell
populations and tissue niches, respectively. This cannot simply be due to the release of
HMGBs into the extracellular milieu from necrotic or senescent cells to act as proinflammatory
signals [5,27,41,55], and must also involve changes inflicted to the genome of the secreting
cells themselves as a result of HMGB1/B2depletion.
Box 1. Effects of HMGA and HMGB depletion in vivo

HMGA1 is abundant in fully reprogrammed human induced pluripotent stem cells (hiPSCs) and human ESCs (hESCs), and
its levels decline in parallel to pluripotency factors as differentiation progresses. In line with this, HMGA1 overexpression
enhances reprogramming of somatic cells into hiPSCs and blocks lineage commitment via selective promoter repression
[67]. By contrast, HMGA2 is induced upon induction of mESC differentiation. Hmga2-knockout cells fail to exit ‘ground state’
pluripotency due to inability in activating enhancers [68]. Hmga2-null mice display malformed epithelia due to aberrant WNT
signaling [69], markedly underdevelopedmuscles [70], and compromised ability for expanding hematopoietic stem cell pools
[71]. Hmgb1-knockout mice survive embryonic development to die within <24 h after birth [72]. HMGB1-depleted (but not
HMGB2-depleted) hESCs displayed decreased telomerase activity [73], in line with Hmgb1-knockout fibroblasts displaying
telomerase defects, increased DNAdamage burden, and chromosomal instability [74]. Hmgb2-null mice are viable, but pres-
ent aberrations like reduced fertility due to Sertoli and germ cell degeneration [75]. Hmgb2-null mice also show increased ex-
pression of the senescence-induced p21 marker accompanied by aberrant NSC differentiation in the subventricular zone
[76]. In hematopoietic stem cells, Hmgb2 knockdown leads to a depleted stem cell pool and to decreased regenerative ca-
pacity of the niche [77]. Similarly, MSCdifferentiation into adipocyteswas severely impaired in the absence of HMGB2 [78], as
was sarcoplasmic calcium pumping in Hmgb2-null cardiomyocytes [79].
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Outstanding questions
What is the functional link between
HMGAs, SAHFs, and nuclear pore
density?

What is the functional role of HMGB2-
driven SICC formation in senescence?

How does bookmarking by HMGs
underlie cell proliferation potency?

Can we target HMGBs to restrict
cancer cell proliferation and enhance
therapy?
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Concluding remarks: a rheostat model for HMGA/B function
The presence of HMGBs in the cell nucleus correlates with proliferative and differentiation capacity,
especially in stem cell niches (Box 1), while their loss induces irreversible replicative arrest.
However, HMGBs are typically overexpressed in cancer cells, where they act to sustain tumor
progression and metastasis. Multiple established cancer lines and tumor biopsies display strong
upregulation of HMGB1–3. Drawing an example from studies of aggressive brain tumors,
HMGB2 was found overexpressed in glioblastoma patients compared to normal brain tissue,
and its knockdown decreased tumor viability and invasion [56]. It also acted to sustain a
glioblastoma-specific transcription factor network involving Wnt/β-catenin signaling [57]. Similarly,
in aggressive metastatic melanoma cells HMGB1 is required for evading senescence in response
to therapy [58]. In glioma HMGB1 ‘bookmarks’mitotic chromatin throughout cell division [59] and
promotes cell proliferation and invasion [60]. Data by us and others also suggest that the extent to
whichHMGB knockdown hinders cell growth is proportional to the proliferation rate of lung cancer
cells [28,61]. In other words, cancer cells dividing more rapidly appear ‘addicted’ to high HMGB
levels for their proliferation.

Such data, together with observations by us and others in senescent cells, allow postulation of a
‘rheostat’ model characterizing HMGB function (Figure 3, Key figure). According to this model,
primary cells sustain physiological nuclear HMGB titers (rheostat setting: normal), which in turn
sustain chromatin homeostasis and normal proliferation rates. Nuclear loss of HMGBs (rheostat
setting: low) is causal for senescence entry and cell cycle arrest via 3D genome reorganization.
By contrast, HMGB overexpression (rheostat setting: high), which is absolutely toxic for primary
cells [27,28,41], is well tolerated by malignant ones. Such abnormally high HMGB levels underlie
Key figure

A rheostat model for HMGA/B function

TrendsTrends inin GeneticsGenetics

Figure 3. A simple model describing the relationship between HMG nuclear levels and proliferation potency of mammalian
cells. Normal cells (middle; rheostat set to normal) carry homeostatic HMGA and HMGB levels in their nuclei and present
normal proliferation rates. Nuclear loss of HMGB1/2 commits cells to the state of senescence (left; rheostat set to low)
where proliferation irreversibly arrests. HMGB overexpression is only tolerated by cancer cells (right; rheostat set to high)
and is commensurate to their aberrant proliferation; depletion of HMGBs from these cells can lead to cell cycle arrest and,
often, cell death. HMGAs follow the rheostat in the transition from homeostasis to cancer but, unlike HMGBs, are also
overexpressed in senescent cells. Abbreviation: HMG, high mobility group protein.
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aberrant proliferation rates and, possibly, a rewired 3D genome [62]. As a result, one may
speculate that sustaining the nuclear presence of HMGBs in cells nearing senescence would
extend their lifespan, while targeting HMGBs overexpressed in tumors may represent a key
next frontier in cancer therapy [63].

HMGAs also contribute to cancer progression; for example, via HMGA1-sustained spindle
assembly checkpoint gene expression [64] or via HMGA2-mediated induction of transcription
programs supporting epithelial-to-mesenchymal transition (EMT) [65] and countering
telomere dysfunction [66]. Thus, changes in HMGA levels correlate well with the transition from
homeostasis to cancer in this rheostat model. This is not so as regards transition into senescence
when HMGAs are again upregulated (Figure 3). Intriguingly, and despite disparities in the roles and
titers of HMGAs and HMGBs, both appear able of ‘mitotic bookmarking’ of chromatin. This might
explain the observed correlation to cell cycle potency and genome 3D reorganization, but further
work on the mechanistic dissection of the modes of action of HMGs (see Outstanding questions),
as well as on developing strategies to specifically target each of them is warranted.
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