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Abstract

The role of 3-dimensional (3D) genome organization in the precise regulation of gene expression
is well established. Accordingly, the mechanistic connections between 3D genome alterations and
disease development are becoming increasingly apparent. This opinion article provides a snapshot
of our current understanding of the 3D genome alterations associated with cancers. We discuss
potential connections of the 3D genome and cancer transcriptional addiction phenomenon as well
as molecular mechanisms of action of 3D genome-disrupting drugs. Finally, we highlight issues
and perspectives raised by the discovery of the first pharmaceutical strongly affecting 3D genome
organization.
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3D genome and regulation of gene expression

Techniques exploiting the proximity ligation principle (C-methods, Box 1) have significantly
improved our understanding of 3-dimensional (3D) genome organization. C-methods have
confirmed the existence of chromosomal territories that are spatially compartmentalized into
active and repressed chromatin domains, referred to as A and B compartments respectively
(Figure 1a) [1]. Higher resolution analysis has demonstrated that these megabase-scale
compartments are not uniform and represent a mosaic of smaller active or repressed
compartmental domains [2]. On a sub-megabase level, the chromatin fiber is folded

into topologically associating domains (TADs). The distinctive feature of TADs is that
spatial contacts of remote genomic elements are more frequent within TADs than between
individual TADs [3-5]. TADs are demarcated by boundaries — genomic regions that are
conserved across cell types and are enriched with cohesin complex and CCCTC-binding
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factor (CTCF; see Glossary). The latter is a zinc finger protein that binds to DNA and, upon
dimerization, tethers distant genomic regions [5]. Recent evidence suggests that TADs and
compartmental domains are formed by distinct molecular mechanisms [2]. TADs are formed
via dynamic DNA loop extrusion process [6, 7] and may harbour smaller contact domains,
some of which are chromatin loops that mediate enhancer-promoter communications
(EPCs). Chromatin loops may be generated/stabilized by specific architectural proteins,
including CTCF, cohesin and Yin Yang 1 (YY1) (Figure 1a, reviewed in [8]).

Spatial genome organization represents an additional level in the epigenetic regulation of
gene expression. In mammals, transcription is controlled by enhancers that are typically
located distantly from target promoters. Recent evidence suggests that the transcription
factor (TF)-bound enhancers attract transcription machinery and serve as nucleation centres
for the assembly of a liquid active environment via /iguid-liquid phase separation (LLPS)
[9-11]. To be activated by an enhancer, a gene should be located within this compartment.
Because most enhancers are located far from the target genes, this activation can be
achieved by looping out the intervening DNA segment, and recent studies demonstrate

that such situations are quite common [12-14]. At the 3D genome organization level, it is
also possible to unite several individual enhancers in a common activating complex, as in
the case of super-enhancers (SEs), composed of several functional enhancers [15]. The
number of enhancers in mammalian and Drosophila cells is at least ten times higher than
the number of genes [16, 17]. The possibility of gene activation by various combinations

of enhancers increases the regulatory capacity of the eukaryotic cell transcription control
system. Indeed, simple reconfiguration of an extended genomic region may be sufficient for
certain genes’ activation by juxtaposing them to enhancers and for repression of other genes
by juxtaposing them to silencers. TAD boundaries constitute an obstacle for efficient EPC,
i.e. a particular enhancer usually activates the expression of genes located within the same
TAD [18, 19]. Disruption of TAD boundaries frequently impairs transcription regulation
and may potentially be the cause of various diseases including cancer [20, 21]. The present
study focuses mainly on our current understanding of how the 3D genome organization is
altered in transformed cells and what opportunities this understanding provides in terms of
treating cancer. The vulnerability of cancer cells, which is associated with the 3D genome
alterations, is discussed from the transcriptional phenomenon perspective. We also invite
discussion on the possibility of curing cancer by direct manipulation of cancer 3D genome.

3D genome in cancer

Spatial organization of the genome was analyzed in a number of cancer types including
breast cancer, prostate cancer, gliomas and several hematologic cancers (Figure 1) [22-30].
Noteworthy, the primary patient-derived cancer cells have been investigated only in case

of acute leukaemia [22, 30] while in the remaining cases cancer cell lines have been

used to study cancer-associated 3D genome changes. Generally, there are no qualitative
differences between 3D genomes of healthy and cancer cells. All levels of genome folding
(A/B compartments, TADs and chromatin loops) can be found in cancer cells although the
structural variation of 3D cancer genome is slightly more pronounced [31]. The number
and locations of megabase-scale A/B chromatin compartments in cancer cells do not
significantly differ from the compartments in related healthy cells [23, 27, 28, 32]. In breast
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cancer, multiple myeloma, B-cell lymphoma and T-cell acute lymphoblastic leukaemia, a
compartment type switch (A-to-B and vice versa) was reported for up to 20 % of genomic
regions (Figure 1b) [23, 28, 32]. Considering chromatin compartments’ mapping algorithms,
it is more likely that this compartment switch reflects changes in gene expression in cancer
cells rather than plays a causative role in cancer development.

At the level of TADs, distinctions between healthy and cancer cells can be traced more
clearly, although different cancer types are characterized by mutually exclusive changes. For
some cancer types (breast and prostate cancers, multiple myeloma), there have been reported
acquisition of new TAD boundaries, usually accompanied by the corresponding increase

in TAD number and the decrease in their size (Figure 1b) [23, 24, 28, 29]. The extent, to
which the amount of TADs is increased in cancers, can vary substantially for a given pair of
healthy and cancer cells. While in multiple myeloma the number of TADs is increased by
25 % compared to normal B cells, 2-3-fold increase in the amount of TADs was reported

in prostate cancer cell lines vsnormal prostate epithelial cells [23, 24]. For other cancer
types—gliomas, acute lymphoblastic leukaemias—weakening and/or disappearance of TAD
boundaries are more typical [22, 25-27]. In B-cell lymphomas, there are no differences in
the number and structure of TADs [32].

Formation of excessive cancer-specific TAD boundaries often occurs in the copy number
variation (CNV) regions and correlates with changes in the epigenome and gene expression
[23, 24, 29]. However, this correlation does not demonstrate the causative role of altered
spatial genome organization in cancer development. Nonetheless, such an expansion in
TAD number may make the cancer 3D genome and, subsequently, cancer-specific gene
expression, vulnerable to 3D genome-disrupting agents.

The contribution of genome-wide and/or loci-specific disappearance of TAD boundaries to
cell transformation is clearer [22, 25-27]. Loss of TAD boundaries in cancer is usually a
consequence of mutation or downregulation of CTCF and other chromosome architecture
proteins, or cancer-specific genetic alterations (mutations, deletions, duplications) of their
binding sites [22, 25-27, 33]. These perturbations can lead to disruption of chromosome
insulated neighbourhoods—CTCF/cohesin-mediated DNA loops that limit the action of
gene regulatory elements like enhancers and SEs [25, 26, 34, 35]. This, in turn, can result in
transcriptional activation of oncogenes. The direct contribution of this mechanism to cancer
development was demonstrated /7 vitro using C-methods and the CRISPR/Cas9 technique
[25, 26]. Cancer-promoting pleiotropic effects of other chromatin structural proteins—-YY1
and BORIS (Brother Of the Regulator of Imprinted Sites, also known as CTCFL)-may

be explained by their ability to form new cancer-specific chromatin loops leading to
transcriptional dysregulation (particularly, to oncogenes activation and/or repression of
tumour suppressors) [36, 37]. YY1 is overexpressed in a wide range of cancers; however,
the proposed mechanism of its contribution to cell malignization remains speculative [36].
BORIS, the germ-cell-specific paralogue of CTCF, is overexpressed in several cancer types
[37, 38]. Recently, it was demonstrated that BORIS upregulation promotes the establishment
of new chromatin interactions in ALK-mutated neuroblastoma cells [37]. BORIS-mediated
chromatin looping stimulates SE-driven transcription of a set of proneural TFs that results in
acquired chemoresistance of the cells [37]. It seems possible to selectively eliminate cancer
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cells by modulating the activity of particular chromatin architecture proteins like YY1 and
BORIS. Moreover, cancer-specific changes in the 3D genome can promote transcriptional
addiction of cancer cells (see below) and make them sensitive to various agents targeting
high-level transcription of oncogenes.

Chemotherapeutics exploiting cancer transcriptional addiction

Transcriptional addiction concept describes the state when, in order to support high
proliferation rates and other needs, cancer cells become strongly dependent on
transcriptional regulators, such as TFs, chromatin regulators and even basal transcription
machinery [39]. It is well established that in many cancers, the malignant phenotype

is based on the aberrant high-level expression of oncogenes, many of which represent
master TFs [39]. Several conditions sustain high-level transcription of oncogenes (Figure
2). Contribution of distant SEs and typical enhancers to oncogene transcription makes

it dependent on high levels of transcriptional co-activators (such as bromodomain and

the extraterminal (BET) family of proteins and certain cyclin-dependent kinases (CDKS)
[15] and chromatin-associated factors [40], on the 3D genome-mediated EPCs [41],

and on the formation of phase-separated condensates [9, 11]. These dependencies make
high-level expression of oncogenes more vulnerable for targeting abovementioned aspects
of transcription, and provide an opportunity for selective elimination of cancer cells.
Particularly, it was shown /n vitroand /n vivo that BRD4 inhibitors selectively downregulate
the expression of cancer-promoting genes by compromising SEs and, thus, stimulate

cancer cell death [42-44]; many of the BET inhibitors are currently undergoing clinical
trials (reviewed in [45]). Pharmacological inhibition of cyclin-dependent kinase (CDK)

7 (with or without inhibition of CDK12/13) also alters SE function and suppresses
cancer-specific transcription [46-50]. The histone chaperone FACT (FAcilitates Chromatin
Transcription) is almost exclusively expressed in cancer cells [51, 52] and is involved in

the regulation of transcription in cancer cells [40]. Depletion of active FACT by using
nucleosome-destabilizing small molecules contributes to selective elimination of cancer cells
[53, 54]. These examples demonstrate that the factors contributing to high-level oncogene
transcription are promising molecular targets for anti-cancer chemotherapeutics. It is not
clear whether disruption of phase-separated compartments (condensates), necessary for SE
function, can be clinically exploited. Until now, there was only one small molecule, aliphatic
alcohol 1,6-hexanediol, to alter LLPS in living cells, but it was non-specific and extremely
toxic [55]. Cellular image-based compound screening identified lipoamide and lipoic acid
as the non-toxic molecules that efficiently prevent LLPS-mediated stress granule formation
[56]. These compounds prevent regression of amyotrophic lateral sclerosis patient-derived
(FUS mutant) motor neuron axons in culture and recover motor defects in Drosophila
melanogaster expressing FUS mutants [56]. The question of whether the 3D genome can be
considered as a target for anti-cancer therapy is discussed below.

Approaches to modulate 3D genome

Most of the known methods for the large-scale interference with the spatial genome
organization in living cells are genetic methods. It is well-established that 3D genome
is mostly maintained by several proteins in interphase cells: CTCF, ring-shaped cohesin
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complex (SMC3, SMC1, RAD21 and STAG1/SA1 or STAG2/SA2) and factors that govern
cohesin loading onto chromatin (NIPBL-MAUZ2), and its release from chromatin (WAPL)
[57]. Downregulation of these factors inevitably affects 3D genome, although in different
ways. It was demonstrated that depletion of CTCF, cohesin and cohesin-loading factor
NIPBL in cultured cells compromises TADs and chromatin loops but does not significantly
affect segregation of the genome into A and B compartments [58-60]. Downregulation

of cohesin-unloading factor WAPL and its binding partners weakened compartments but
increased the size of TADs and loops [61, 62]. Physical stresses such as hyperosmotic shock
or heat shock can also induce rapid reversible changes in 3D genome in living cells [63-65].
However, the described approaches are not easily suitable for clinical applications.

The DNA-binding small molecules remain the mainstream of anti-cancer therapy. Their
mechanism of action is traditionally attributed to DNA damage induction that leads

to apoptosis [66]. Binding of small molecules to DNA not only compromises DNA
integrity but also alters physical properties of the double helix, such as flexibility, charge
and characteristics of the major and minor grooves [67-69]. These changes inevitably
affect DNA interactions with histones and other chromatin-associated proteins [53, 70].
Nevertheless, the effects of DNA-binding compounds on the spatial genome organization
had not been studied until recently [71].

3D genome as a target for anti-cancer therapy

It is now evident that 3D genome alterations can contribute to disease development. Recent
analyses demonstrate that many single-nucleotide polymorphisms (SNPs), which have been
identified by genome-wide association studies (GWAS) and have been linked to disease
traits, are located within distant enhancers regulating gene expression through 3D genome-
mediated EPCs [72, 73]. The insulated neighbourhoods concept also clarifies the impact

of the 3D genome on disease development [74]. It was demonstrated /n vitro that the
deletion of prostate cancer risk-associated CTCF anchor regions, which created a local
repressive regulatory environment (insulated neighbourhood), resulted in ~100-fold increase
in expression level of genes promoting prostate cancer [35]. However, it was questionable
whether 3D genome organization could be manipulated by suitable for clinical use chemical
compounds in order to modulate disease-associated gene expression. Recently, a mechanism
by which a small molecule—curaxin CBL0137—affects 3D genome organization and
compromises long-range interactions of cis-regulatory elements has been reported [71].
Curaxins intercalate into DNA by protruding symmetrical side chains of the molecule (the
structure of CBL0137 is shown in Figure 3) into the major groove of DNA and by filling
the minor groove with its carbazole N-side chain [53]. Curaxins have unique features that
distinguish them from most of the DNA-binding small molecules. Although curaxins are
capable of inhibiting both topoisomerases | and 11, they do not induce DNA damage [53,
54]. Curaxin binding to DNA results in genome-wide nucleosome destabilization [53, 75],
which, in turn, generates superhelical tension that cannot be relieved due to topoisomerase
inhibition and stimulates B- to Z-DNA transitions [53]. Indirect inhibition of FACT histone
chaperone is the most studied activity of curaxins. It was shown /7 vitroand ex vivo that
upon curaxin treatment histone chaperone FACT binds (1) to the multiple epitopes within
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the destabilized nucleosomes, and (2) to Z-DNA regions, that exhausts the cellular pool of
active FACT [53, 54, 75].

Intercalation of the curaxins into DNA results in the inability of CTCF to bind to its
cognate genomic sites [71]. This, in turn, stimulates partial disruption of chromatin loops
and large-scale perturbations to 3D genome organization that affect EPCs and lead to
preferential downregulation of enhancer and SE-driven transcription of oncogenes (Figure
3). The selective cytotoxicity of curaxins towards melanoma, neuroblastoma, glioblastoma,
MLL-rearranged leukaemia and small-cell lung cancer cells was reported in a number of
preclinical studies [76-81]. At least in part, the efficacy of curaxins in preclinical studies
can be explained by their 3D genome-modulating properties as evidenced by the fact that
curaxins downregulate MYC expression in cancer cells that could be a result of disruption
of 3D genome structure. Nonetheless, it is clear that, used beyond their therapeutic window,
curaxins would be toxic for healthy cells as well.

CTCF is the key 3D genome-maintaining factor, and its careful targeting may be considered
as an advantageous therapeutic strategy for downregulating high-level oncogene expression.
CTCF binding sites are not equal-some of them are not involved in maintaining general 3D
genome organization but are rather positioned in promotor and enhancer regions that directly
involve CTCF in transcriptional regulation [82]. Recent evidence suggests that CTCF’s
binding sites are located in a subset of SEs and that CTCF plays a critical role in SE function
[83]. Further analysis has to be performed to ascertain what kind of CTCF-binding sites lack
this factor upon cell treatment with curaxins. Although DNA methylation-based molecular
tools for loci-specific disruption of CTCF binding sites have been reported [84], small
molecule compounds specifically inhibiting DNA-binding or dimerization (oligomerization)
activities of CTCF have yet to be discovered. Such inhibitors (as well as curaxins) may
constitute a good choice for treatment of cancers that overexpress BORIS, the germ line-
specific CTCF paralogue, which can bind the same genomic sites, can form homodimers or
heterodimers with CTCF and can stabilize new cancer-specific chromatin interactions [37].

Concluding remarks

Many anti-cancer epigenetic drugs, targeting different aspects of gene expression regulation,
have been invented and are undergoing clinical trials now. The most recent of them exploit
the cancer transcriptional addiction phenomenon (i.e. specifically target high-level oncogene
transcription that usually depends on SE function) (reviewed in [85]). It is essentially clear
how inhibitors of BET proteins and CDK7 implement selective cancer cell elimination [42,
47]. However, the exact mode of action and clinical efficiency of 3D genome-disrupting
drugs remain elusive. Only one chemotherapeutic compound (curaxin CBL0137), targeting
dysregulated gene expression in cancer cells via 3D genome modulation, has been reported
[71]. It is intriguing to consider whether this is the beginning of a new direction in

drug discovery. Proteins that maintain the 3D genome architecture and, in particular, that
mediate EPC (CTCF, YY1, BORIS) may be considered as promising targets for treatment
of cancers that strongly depend on SE-driven transcription. However, several basic issues
should be addressed alongside possible development of the 3D genome-modulating agents
(see Outstanding Questions). The most important questions are (1) whether healthy cells
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will be sufficiently tolerant to these kind of drugs, and (2) what is the reason for such
tolerance? In other words, what does distinguish healthy and particular cancer cells in terms
of chromatin structure and 3D genome organization? Although the therapeutic significance
of 3D genome-modulating effects of curaxins is currently unclear (see Clinician’s Corner),
the findings described here provide new insights into spatial genome organization and its
potential use as a target for anti-cancer therapy.
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CCCTC-binding factor (CTCF)
the critical 3D genome-maintaining protein in the interphase nucleus. It is responsible for
the formation of chromatin loops.

Curaxins
carbazole-based small-molecule compounds with broad anti-cancer activity that intercalate
into DNA.

DNA loop extrusion

a molecular process that underlies TAD formation. In this process, loop-extruding factors
(cohesins) form progressively larger loops that are limited by boundary elements (CTCF
bound at TAD boundaries).

Enhancer-promoter communication (EPC)
long-range interactions of gene regulatory elements and their target promoters mediated by
3D genome organization.

Insulated neighbourhoods

chromosomal loop structures formed by two CTCF/cohesin-binding sites that limit physical
interactions of particular gene regulatory elements. Certain insulated neighbourhoods are
compromised in cancer, leading to dysregulated gene expression.

Liquid-liquid phase separation (LLPS)

a process in which a protein solution is separated into protein-dense and light phases.

It is critical in the formation of intracellular membrane-less compartments such as stress
granules, heterochromatin foci and transcription activating condensates.

Super-enhancer (SE)
large regulatory elements that enable cell-type-specific gene regulation. SEs regulate cancer
cell proliferation and survival.
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Highlights

Changes in spatial genome organization (3D genome) of cancer cells mostly
occur on the level of topologically associating domains and chromatin loops.

Many cancers are addicted to high-level transcription of oncogenes which
requires involvement of transcriptional co-activators, 3D genome-mediated
enhancer-promotor communication (EPCs) and specific chromatin-associated
factors. There are several chemotherapeutic drugs targeting transcriptional
co-activators that selectively kill cancer cells.

A new group of epigenetic drugs targets the 3D genome organization via
DNA-intercalating small molecules that alter DNA topology. This leads to
the inability of CCCTC-binding factor (CTCF) to bind efficiently to its
cognate DNA sites, results in large-scale perturbations in the 3D genome, and
leads to preferential downregulation of enhancer and super-enhancer-driven
transcription.
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Clinician’s Corner Box

3D genome organization shows 1) how DNA is packed in the cell nucleus,
and 2) how distant genomic regions, including cis-regulatory DNA elements,
are interconnected in the nuclear space. 3D genome organization is an
additional level in epigenetic regulation of gene expression.

3D genome organization of cancer cells differs from that of healthy cells.
However, it remains elusive whether changes in the cancer 3D genome
underlie dysregulated gene expression in cancer cells or that perhaps changes
in gene expression provoke 3D genome alterations.

Many cancer types are addicted to high-level transcription of oncogenes

(i.e. survival, proliferation and further malignization strongly depend

on the production of oncogene proteins). High-level transcription, in
particular, requires high levels of transcriptional co-activators, 3D genome-
mediated EPCs and specific chromatin-associated factors. There are several
chemotherapeutic drugs targeting transcriptional co-activators that selectively
kill cancer cells.

A new group of epigenetic drugs (curaxins) that target the 3D genome
organization has been reported recently. They modulate the 3D genome and,
thus, alter EPCs in living cells and lead to preferential downregulation of
enhancer and SE-driven transcription.
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Outstanding questions

. What are the most crucial distinctions of cancer cells in terms of
chromatin structure and 3D genome organization? Is cancer cell heterogeneity
manifested in their 3D genome?

. Are normal cells sufficiently tolerant to 3D genome-modulating drugs? What
does exactly underlie such tolerance?

. What are molecular biomarkers for the primary usage of 3D genome-
modulating drugs over conventional chemotherapeutics?

. Can 3D genome-modulating drugs be exploited to treat other diseases besides
cancer?
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Box 1.
C-methods.

The current protocols to study 3D genome organization collectively referred to as C-
methods are based on the Chromosome Conformation Capture (3C) procedure developed
by J. Dekker [86]. To construct chromatin interaction maps reflecting the mode of
chromatin packaging within the cell nucleus, a so-called proximity ligation protocol is
applied. The key step of this procedure is breaking and re-ligation of DNA within the
fixed nucleus. This procedure generates a certain amount of chimeric fragments due to
cross-ligation of DNA fragments located far from each other on the DNA chain but
close in physical space. These chimeric fragments are the spatial proximity records that
can be decrypted using various analytical procedures, including sequencing. Analysis of
the pools of chimeric fragments allows reconstruction of the spatial organization of the
genome based on the sets of captured pairwise interactions. A number of protocols to
address specific questions were developed based on the original 3C procedure (reviewed
in [87]). Of special importance is Hi-C, a genome-wide protocol allowing for the analysis
of the entire set of chromatin fiber spatial contacts [1]. The results of Hi-C analysis

are presented in the form of 2D chromatin interaction heatmaps demonstrating the
probability of interaction of any genomic segment with each other segment (Figure 1b).
The resolution of maps (the size of map bin) depends on the frequency of DNA cutting
by the particular restriction enzyme used and the deepness of the library sequencing
and, in best cases, attends 1 kb [88]. At this resolution, one can detect both TADs and
chromatin loops within TADs. The interaction frequency (P) between any two genomic
fragments within the same chromosome arm depends, beside other reasons, on the
distance between these fragments (s). At first approximation, the number of contacts
decreases monotonically with increasing distance [1]. Abrupt changes in the curve P(s)
indicate the presence of chromosomal rearrangements because the data obtained on cells
with a rearranged genome are mapped on a standard genome. For example, within an
inverted DNA segment, the P(s) will show an increase of contact probability instead

of a decrease. Thus, Hi-C constitutes a powerful tool for detection of chromosomal
rearrangements and copy number variation in human tumours [89, 90]. In some cases, it
is desirable to focus analysis on a particular genome region rather than the entire genome.
This aim can be achieved using various Capture-C protocols allowing selection from a
Hi-C library a set of fragments complementary to a genomic region of interest.
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(A) A (red) and B (blue) topologically associating
compartments domains (TADs)
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Figure 1. 3D genome organization in healthy and cancer cells.
(A) Hierarchical structure of interphase chromatin. Chromosome territories (left) are

partitioned into A- (red) and B-compartments (blue) formed by long-range spatial
interactions between distant genome loci and containing transcriptionally more active or
repressed genome regions, respectively. At a sub-megabase level, chromatin is folded into
topologically associating domains (TADs, center), commonly interpreted as self-interacting
globular structures. The internal structure of TADs is represented by arrays of chromatin
loops (contact domains, right) formed by spatial contacts between CCCTC-binding factor
(CTCF)/cohesin-binding sites. (B) 3D genome organization properties of healthy and cancer
cells. Colour intensity on an exemplary Hi-C maps (heatmaps) reflects average interaction
frequency between corresponding genomic bins; the darkest red bins correspond to most
frequent interactions. Genes and gene regulatory elements (enhancers, CTCF-binding sites;
if appropriate) are shown below the heatmaps. Positions of chromatin compartments, TADs
and chromatin loops are depicted under the appropriate heatmap. Principal component
analysis characterizes the A/B status of chromatin compartments (A, principal component 1
(PC1) >0, red; B PC1 <0, blue).
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Figure 2. Factors sustaining high-level transcription of oncogenes.
High-level transcription of oncogenes often is driven by enhancers and super-enhancers.

This makes it strongly dependent on several conditions: (1) high levels of transcriptional co-

activators (blue), (2) the 3D genome-mediated enhancer-promoter communications (gray),
(3) the formation of phase-separated condensates (green), (4) chromatin-associated factors
(chromatin remodelers, histone chaperones and histone-modifying enzymes; red), and (5)
the loss of transcriptional repression (black). These dependencies make possible targeting
oncogenes’ transcription with minimal effects on basal transcription.
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Figure 3. Mode of action of 3D genome destabilizing pharmaceuticals (curaxin CBL0137).
Curaxins intercalate into DNA and, thus, alter DNA topology, leading to the inability of

CCCTC-binding factor (CTCF) to bind to its cognate DNA sites. This inability results
in partial disruption of chromatin loops and in large-scale perturbations to 3D genome
organization that affects enhancer-promoter communications and leads to preferential
downregulation of enhancer- and super-enhancer-driven transcription of oncogenes.
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