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Abstract The cancer cell attractors theory provides a
next-generation understanding of carcinogenesis and nat-
ural explanation of punctuated clonal expansions of tumor
progression. The impressive notion of atavism of cancer is
now updated but more evidence is awaited. Besides, the
mechanisms that the ectopic expression of some germline
genes result in somatic tumors such as melanoma and brain
tumors are emerging but are not well understood. Cancer
could be triggered by cells undergoing abnormal cell
attractor transitions, and may be reversible with “cyto-
education”. From mammals to model organisms like
Caenorhabditis elegans and Drosophila melanogaster, the
versatile Mi-2f//nucleosome remodeling and histone
deacetylation complexes along with their functionally
related chromatin remodeling complexes (CRCs), i.e., the
dREAM/Myb-MuvB complex and Polycomb group com-
plex are likely master regulators of cell attractors. The
trajectory that benign cells switch to cancerous could be the
reverse of navigation of embryonic cells converging from a
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series of intermediate transcriptional states to a final adult
state, which is supported by gene expression dynamics
inspector assays and some cross-species genetic evidence.
The involvement of CRCs in locking cancer attractors may
help find the recipes of perturbing genes to achieve suc-
cessful reprogramming such that the reprogrammed cancer
cell function in the same way as the normal cells.
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Introduction

Despite decades of research and billions of dollars invested,
cancer, as an ambiguous neoplasm and a “system-in-fail-
ing”, still kills millions of people each year. It is of great
importance to understand the complex gene regulatory
orchestrated by chromatin modification enzymes and tran-
scriptional factors that govern the cell lineage specification,
commitment, and differentiation, whose deregulations can
cause tumors. Cancer cells bear some immature or embry-
onic traits and dysregulated developmental genes can act as
oncogenes. The Mi-2/nucleosome remodeling and histone
deacetylation (NuRD) alongside the dREAM-Myb-MuvB
(IREAM/MMB) complex and Polycomb group (PcG)
demonstrate that they play essential roles in cancer and
normal development in mammals and the model organisms
such as the nematode Caenorhabditis elegans and fruit fly
Drosophila melanogaster [1-5]. For example, the functions
of Mi-2/NuRD in cell differentiation and proliferation link
this complex with oncogenesis. Its core subunits are
increasingly found in a wide variety of tumors.
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The theory of cell attractors, initially proposed by Dr.
Kauffman [6], considers cell types as attractors, integrating
the original concept of epigenetics from Dr. Waddington
[7] in a complex systems approach of a gene expression
regulatory network. The cell attractors model can explain
the convergence of embryonic and tumorigenic signaling
pathways, suggesting how cancers could be considered
topologically and functionally linked to an attractor [8].
The notion of cancer attractors might skyrocket as one of
most popular theories of carcinogenesis [8—10], but its
study with whole animals has just begun.

The cancer attractors hypothesis argues that cancer cells
are trapped in abnormal attractors and the “cancer attrac-
tors” may provide a natural explanation for “the
oncogenesis recapitulates ontogenesis” [8]. Nevertheless,
cancer attractors have not yet answered why the stable gene
expression profiles of cancer attractors often encode an
immature or embryonic program, and the molecular term
for such attractors is lacking, and it remains undetermined
what its evolution is, why normal somatic cells can be
entrapped in and how it couples with cell division [11, 12].
The strategy of cancer prevention and targeting derived
from cancer attractors theory remains rather hypothetical
and elusive until incorporating the versatile chromatin
remodeling systems.

Each NuRD and its functionally related chromatin
remodeling complexes (CRCs) may contain different core
components, which form distinct multifunctional com-
plexes with specific context-dependent regulators.
Particularly, the NuRDs have unique ATP-dependent
chromatin remodeling, histone deacetylase and demethyl-
ase activities, and higher-order chromatin organization.
They can regulate the accessibility of transcription factors
or repair DNA proteins. NuRDs may be involved in many,
if not most, critical cell signaling pathways during carci-
nogenesis and development [2, 3, 13]. The NuRDs can
inherently integrate deterministic and stochastic biological
characteristics. Gene regulatory networks (GRNs) leashed
by NuRDs and its functionally related CRCs may provide
system-level explanations of development and carcino-
genesis [2, 3, 14].

In addition, the cracks of the paradigm of oncogenic
mutations and somatic evolution as the driving force of
tumorigenesis emerge [15]. Even previous hypothesis
emphasizing that six genetic mutations are needed for
converting a normal somatic cell into a cancer cell remains
active in some corners, however, six mutations is a rare
event, at some contexts, it would be predicted that the
versatile NuRDs and its functionally related CRCs could
help create such mutations or quasi-mutations (i.e., muta-
tion-like state) via some mechanisms such as RNAIi
mechanism that they get involved [3]. Otherwise, cancer
would be viewed as an intrinsic state and a hidden default
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program, only unleashed by a series of mutations [15].
Consequently, NuRDs and its functionally related CRCs
could play diverse roles in response to growth signals,
tissue invasion and metastasis, limitless cell replication,
and evasion of apoptosis [2, 3]. Finally, NuRDs and its
functionally related CRCs can naturally couple non-genetic
or environmental and genetic factors as well as develop-
mental processes to evade the tumorigenesis. Nucleosome
remodeling and histone deacetylations and its functionally
related CRCs could ensure robustness and plasticity during
development. Indeed, they can unexpectedly behave as
tumor suppressors, but have many more roles than a classic
simple tumor suppressor [16]. Thus, the NuRD and its
functionally related CRCs linked cancer attractor hypoth-
esis can better explain carcinogenesis.

In this perspectives, we will describe the role of the Mi-
2/NuRD complex and its functionally related CRCs within
this model alongside computation analysis and some recent
genetics evidence.

Global view of NuRDs during the C. elegans embryo
development, murine hematopoietic lineage
commitment, and differentiation

Cellular differentiation is central to understanding multi-
cellular living systems, and why such systems go awry in
diseases, such as cancer. Cell fates are multi-dimensional
attractor states of the underlying molecular networks.
Similar to initial studies of the molecular terms in cell
attractors [17, 18] to obtain experimental evidence for
archaic cancer attractors based on the fact that C. elegans
postembryonic arrested in the early larva stage can reliably
be triggered in vivo, we could assume its endpoint of a stable
state of postembryonic development and larva differentia-
tion by a variety of gene RNAI treatment. In general, the
animals navigate relatively different state-space trajectories
to the differentiated state along with control GFP RNAi and
the chromatin factors targeted by ler-418/Mi-23 RNAi and
mep-1 RNAI, both triggering the same cell fate switch in
arrested early larvae. Gene expression profile (GEP) data
[19] was applied to monitor genome-wide mRNA steady-
state levels at distinct levels of RNAi treatment. These GEPs
represent a collective phenotype of hundreds of whole ani-
mals subjected to three different target gene RNAI
environments. Besides, three replicates of experiments allow
the variable further, i.e., more trajectories. The readouts are
averaged values. These GEPs could serve as surrogate
measures for configuring gene activation states, and hence,
for State (S_t.) This allowed us to determine the two tra-
jectories of quantitative variable RNAi and distinct target by
special “chemical” agent, i.e., double-stranded RNAi in the
two different blocked differentiation processes, State LET-
418 (SL_t) and State MEP-1 (SM_t), triggered by let-418/
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Fig. 1 Conservation of NuRD-controlled archaic cell attractors
represented by characteristic global pattern (GEDI) from RNAi-
treated or knockout animals. Top a representative GEDI-maps during
the timeline for wild-type C. elegans embryogenesis. Middle left
b representative GEDI-maps of four mouse HSC tissue samples.
Middle right ¢ representative GEDI-maps of six samples from RNAi
C. elegans. Bottom right d representative GEDI-maps of MEF MTA]
wild-type (upper) or knock out (bottom) samples. Bottom left
e representative GEDI-maps of rep samples from Drosophila
I(3)mbt ts mutant or wild-type. Note: GEDI-maps are for three
randomly chosen tissue samples, showing the transcriptome patterns.
Each map represents a transcriptome, with pixels representing the
same genes in each map and their color is their expression level in the

Mi-2 RNAi and mep-1 RNAI as the experimental state
space and GFP RNAI as the control, respectively. By uti-
lizing two distinct molecular RNAi stimuli that are likely to
target distinct sets of genes, it would be expected that their
tracks initially diverge to different regions of the state space
in that RNA interference has variable effects. If the final
differentiated state is an attractor, it can be approached from
different directions within the multi-dimensional state space
as the attractor hypothesis predicts that after an initial
divergence, the two tracks SL_t and SM_t will converge to
their common endpoint. We define these endpoints as
“archaic” cell attractors. The gene expression dynamics
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let-4£18 IMi-ZB(RNAI)

control (RNAI)

L@3)mbt ts
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wild-type or experimental sample. Design of each RNAi or knock out
treated sample is detailed as following: C. elegans: (1) The timeline
for wild-type embryogenesis only. Embryonic cells are developmen-
tally plastic until the 2E stage. At the ~8E stage, cells become
committed to a cell fate. Focus from two-cells, 2E (24 cells), 4E (50
cells), and 8E (100 cells, onset of differentiation). (2) GFP is the
control, proxy of wild-type animal, MEP-1/KLF4, LET-418/Mi-2f as
experimental, proxy of deficient NuRDs. They are arrested at early
L1. Mouse: (1) Mouse hematopoietic stem cell (HSC) differentiation.
Mi-2f: control or conditional knock out. (2) Mouse embryonic
fibroblast (MEF). MTA1: wild-type or knock out. Drosophila: I(3)mbt
ts mutant or wild-type

inspector (GEDI) assay of these GEPs indeed gives a similar
pattern for SL_t and SM_t that was dramatically distinct
from the control (Fig. 1b). Such convergence of tracks from
different directions across different gene dimensions con-
firms existence of cancer attractor state. The GEDI could also
compare the extent of change of individual genes with seeing
differences of the individual genes associated to the Koho-
nen networks represented at the GEDI pixels. For example,
both arrested let-418 and mep-1 L1 larvae show ectopic
expression of the P granule component PGL-1 in their
somatic cells as high as 54.2-fold and 62.7-fold of up-
regulation in comparison with the wild-type, suggesting that
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a LET-418 and MEP-1 containing complex is required to
repress pgl-1 in somatic cells. However, these quantitative
reverse transcription-PCR data are averaged values of many
whole animals [19].

In addition, a total of 1,113 genes changed their
expression levels in let-418(RNAi) L1, whereas 1,104
genes were deregulated in mep-1(RNAi) worms. Around
914 (82%) of the deregulated genes were common between
let-418(RNA1) and mep-1(RNAI) animals. The majority of
them (70%) were up-regulated [19]. Analyses using the
statistical software MAGMA with R-scripts revealed a very
strong correlation between their deregulation pattern of
these genes. A standard correlation factor of R = 0.98 was
calculated according to the linear regression (R = 1 means
that the relation is linear), demonstrating that gene
expression was deregulated very similarly in let-
418(RNAi) and mep-1(RNAi) depleted L1 larvae [19].
This can read the difference and similarity by simply
clicking GEDI pixels (not shown).

In order to understand the dynamic attractors trajecto-
ries, where the order and synchronicity of events is
essential, we analyzed the measured temporal evolution of
transcriptomes for C. elegans embryogenesis. Different
embryos developing from 2-cell stage to onset of differ-
entiation have the convergence of high-dimensional
trajectories (across >20,000 genes) (Fig. 1a). This obser-
vation focuses on wild-type C. elegans whole animals from
2-cells, 2E (24 cells), 4E (50 cells), and 8E (100 cells, onset
of differentiation). The 2-cells to 8E is the timeline for C.
elegans embryogenesis. These embryonic blastomeres are
developmentally plastic until the 2E stage and this char-
acteristic is lost during gastrulation. At the ~8E stage,
cells become committed to a cell fate. There are some
variations among the samples, but the tendency from
“stem-like” state to “differentiation” state is clear [28]
(Fig. 1a). This latter might represent the return of noise-
induced deviations of the transcriptome from the border of
the basin of attraction back to the attractor state (Fig. 2).
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Fig. 2 A diagram of the Mi-2/NuRD and multiple-tier cancer
attractors and “mountain and valley” metaphor. A hypothetical
epigenetic landscape to illustrate the concepts behind the hierarchy of
cell type diversification during worm embryo and early larvae
development that is regulated by NuRDs, alongside with the notions
of “attractor” and basin of attraction by “mountain and valley”
analogy. In a two-dimensional representation, the X-axis is a “state
space”; the Y-axis (quasi-potential, inverse of probability) represents
the relative instability of individual states at each state-space location.
The “X” in red means the “loss of function” defect in NuRDs. Basins
at top lake and bottom valley correspond to stable equilibrium
(equilibrium attractors). Normally, minimal internal fluctuation or
external perturbations will move the oval marbles (i.e., cells) away
from unstable points (i.e., points at brisk of basins), while the oval
marble will generally return to its attractors within its basin of
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attraction, even under the action of more important perturbations.
However, major “potential” energy transfers (e.g., the “lightning”,
hereby metaphorically caused by “loss of function” of the major
controller of germline stem cell-soma distinction, i.e., NuRD) will be
able to induce an oval marbles jumping out of its basin of attraction
(i.e., differentiated cell “valley”) and being pushed up and then
trapped by another attractor (e.g., the stem-cell “lake” or progenitor
cell “basin”). In general, the meta-stable state (e.g., progenitor cell) is
a weak attractor from which the oval marble may relatively easily
reach a neighboring stable attractor. Note : “=" in figure is “~”, an
approximation. This analogy is simplified. Multiple levels of “val-
leys” indicate the different levels of toti-/pluri-/multi-/mono-/
potency, which are likely regulated by NuRD/CRCs. In other
exceptional contexts, NuRD might inhibit the potential of
differentiation
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They are both dynamical hallmarks of attractor states.
Further systematic investigation of NuRD/dREAM/MMB
and PcG is ongoing (Zhang et al., unpublished).

In mammalian hematopoiesis, the much-studied TF pair
comprising GATA1 and PU.1 controls the branch point in
the fate map where the erythroid and myeloid lineages
separate [18]. However, GATALI is a proven interactor with
NuRD [2, 3], but it remains tempting whether and how
NuRDs indeed get involved.

Specialized chromatin environments, which keep stem
cell-specific genes active and key differentiation factors
repressed but poised for activation, enable somatic stem
cells to self-renew and differentiate into downstream lin-
eages. NuRD is responsible for stabilizing the chromatin
maintenance factors to keep the HSC pool and lineage
differentiation during hematopoiesis [20]. Conditional
deletion of Mi-2f expression in bone marrow caused an
accumulation of erythroid cells and remained in early
stages of development. Significantly, the proerythroblasts
in Mi-2//NuRD-deficient bone marrow and peripheral
organs exhibited a neoplastic phenotype. An early increase
in HSC numbers was followed by depletion of the pool due
to a decrease of quiescence, increased cycling, and apop-
tosis in the Mi-2f/NuRD-deficient HSC-enriched bone
marrow population. These cycling mutant cells readily
differentiated into the erythroid lineage but not into the
myeloid and lymphoid lineages. Gene expression profiles
demonstrated that NuRD permits the repression or
expression of different subsets of genes in HSCs [20, 21].
Thus, Mi-2ff provides the hematopoietic system with
immune cell capability as well as with an extensive
regenerative capacity [20].

A similar analysis on Mi-2ff in mouse hematopoietic
stem cell (HSC) was performed (Fig. Ic). The Mi-2p/
NuRD is required for maintenance and multi-lineage dif-
ferentiation in the early hematopoietic hierarchy.
Examination of GEP in the mutant HSC reveals changes in
the expression of genes associated with self-renewal and
lineage priming, and a pivotal role of Mi-2f in their reg-
ulation [20]. Gene expression dynamics inspector shows
that the holistic view of the change in the collective genes
of Mi-2f8 knockout mutants in mice is similar to the above-
mentioned SL_t and SM_t in C. elegans, and reaches the
endpoint attractor states (Fig. 1b). Furthermore, our GEDI
analysis performed on mouse embryonic fibroblast (MEF)
cell lines with/without MTA1 (wild-type vs. knockout),
another core component of NuRD, GEPs showed a similar
trend of dramatic change in pattern (Fig. 1d) [22]. So did
the GEPs of mouse LSD1 and p66, the other two core
subunits of NuRD [23] and Rb [24], a PcG-like protein
BMI-1 [25, 26] PcG-like MES-2/E(z) [27], HDA-1/
HDACI1 [28] (unpublished). Basically, they (i.e., the col-
lective whole animals’ GEDISs) could possibly represent the

common attractors with some extent of variations among
similar patterns, taking into account that they were com-
puted from GEPs of cross-species as well as different
individuals of whole organisms.

Ectopic expression of germline genes and malignant
tumor growth

In C. elegans, the GEPs in MEP-1/LET-418/Mi-2//NuRD-
depleted animals show a change in the expression levels of
thousands of common genes [19], one-fourth of which are
germline-specific and 49 early embryonic genes. These
kinds of up-regulated genes may be ectopically expressed
in the soma, particularly encoding the C. elegans germline
marker P-granule components. LET-418/Mi-2 /5 and MEP-1
are specifically required during early embryogenesis to
down-regulate the early genes with mitotic and meiotic
functions. Nucleosome remodeling and histone deacetyla-
tion activity is required for the cessation of embryonic cell
proliferation and initiation of larval morphogenesis [19].
A number of human tumors, including melanoma and
several carcinomas, are known to up-regulate germline-
specific genes, such genes may play an important role in
some tumor growth. Indeed, ectopic expression of germline
genes drives malignant brain tumor growth in Drosophila
[4]. Flies with a temperature-sensitive mutation in the
lethal (3) malignant brain tumor (I(3)mbt) gene develop
large larval brain tumor. This transcriptional repressor acts
within dREAM (i.e., the NuRD, MyB, MuvB, retinoblas-
toma (RB) and HPl-related complex) to remodel the
nucleosomes and silence the genes [4]. The human
homologues of somatic mutations in L(3)MBT, Rb, and
CHD3/Mi-2u exist in some of tumors [29]. It is possible to
have more common mutations in the human homologues of
L(3)MBT, Rb and its chromatin co-factors in cancer gen-
omes. Interestingly, the C. elegans 32 chromatin factors
identified in Rb pathway mutant screen can reverse the
developmental defects potentially induced by somatic mis-
expression of germline genes. Many of these suppressor
genes were in RNA interference and/or small RNA path-
ways. The somatic cell specification defects in I(3)mbt-type
tumors thus may be small and RNA-based [29] (Fig. le). In
mammals, non-typical RNAs have become topical in tumor
biology. It has recently been shown that antisense-to-sense
transcript ratios were surprisingly altered in breast cancer
[30]. In prostate cancer and colon cancer, the coding and
non-coding RNAs can act as trans-regulators by miRNA
binding; there might be different miRNA binding sites in
pseudogenes of many cancer-related genes. This regulation
could be abrogated in Dicer-null carcinoma cells, which
are defective in miRNA processing [31]. In fact, one-fourth
of the candidate genes that may define tumor cell identity
due to I(3)mbt [4], similar to knock-downs of C. elegans
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LET-418/Mi-2ff and MEP-1, encode proteins that are
normally expressed specifically in germline cells, including
some PIWI machinery. Inactivation of some (but not all)
up-regulated genes individually can inhibit the tumor
growth, so this suggests a new direction of therapeutic
target for such tumors.

Let’s look back a little bit. The volvocine family has
been diverging from animals for more than 600 million
years. Through further archeological analysis of the mep-1
of C. elegans and Volvox genomes, we consider that mep-1
and regA were probably generated from a progenitor gene
in the ancestor of animals and Volvox, which had glutamine
(Q)-rich regions ([32, 33]; Zhang, this study). The proteins
from these two genes in current C. elegans and Volvox
genomes share around 30% identity, spanning over about
100 aa overlap [32, 33]. In humans, our analysis reveals
that their functional counterpart could be the stemness
factor kruppel-like factor KLF4 [28]. Furthermore, RegA
has a SAND domain, which is shared with the CHD1-Like
protein in Micromonas sp. RCC299 thus belongs to the
same chromo domain (CHD) family as LET-418/Mi-2p/
CHDA4. It is unclear whether RegA alone in Volvox could
perform similar functions to MEP-1-LET-418/Mi-2f
complex in C. elegans, but it may be possible to gain some
new insights from previous analysis of the somatic regen-
erator or regA gene. We are currently undergoing further
assays of functional domain to obtain new insights. How-
ever, it is known that this regA gene is required for
maintenance of the somatic cell fate in Volvox; regA
mutant somatic cells develop normally at first, but instead
of remaining somatic cells their entire lives and then
eventually dying, as somatic cells usually do, they enlarge
and regenerate as gonidia that eventually divide to produce
new spheroids [33]. Therefore, regA somehow prevents
somatic cells from growing and dividing, and keeps them
from having the stem cell-like potential that gonidia pos-
sess. Hence, in different biological systems, they (i.e.,
functional equivalents) execute germline-specific gene
repression. Furthermore, think of regA as a tumor sup-
pressor gene that prevents the sort of uncontrolled growth
that cancer cells exhibit [34]. However, Mi-25/NuRD may
evolve and get involved in maintenance of chromatin
structure, proper cell replication, cell cycle progression,
and many more diversifications. Cancer, superficially the
price that we need pay for the evolution from unicellular to
multicellular life forms ([15] and Zhang Y, in preparation),
at least the germline-specific genes ectopic expression
malignant tumor, is leashed by NuRD in advanced organ-
isms. The “normal” GRN, which includes RNAs and
proteins, is the current version but with a natural selection
pressure and evolution during millions even billions of
years. Indeed some RNAs could have more “archaic”
characters and probably longer evolutionary times in
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comparison to the NuRD alongside the evolution of GRN,
hence NuRD is unnecessarily secondary to GRN since they
could have intertwined with at some stage or NuRD even
leashed the GRN as upstream level for prevention of car-
cinogenesis. Furthermore, its ancestor or functional
equivalent might exist before the evolution from unicel-
lular to multi-cellular life forms, assuming that cancer is
indeed the above-mentioned tradeoff of multicellular evo-
lution from a unicellular state [15].

LIN-53 (RbAp46/48) and direct cell type conversion

The induced pluripotent stem cell (iPS) has a very similar
cellular state transition to that of cancer cells [3, 35, 36].
Understanding this reversibility would allow for precise
and directed manipulation, potentially enabling the crea-
tion of any cell type from any other. Some examples of
reprogramming cultured mammalian cells from one cell
type to another have been reported. Researchers are far
from having complete control over the process. In C. ele-
gans, through the ectopic expression of the transcription
factor che-1, the identity of mitotic germ cells can be
directly converted into that of specific neuron types along
with the removal of the LIN-53 (RbAp46/48 in humans), a
component of NuRD and dREAM. This removal can be
mimicked by valproic acid, one inhibitor of histone
deacetylases [5]. This direct conversion from germ cells
into individual terminally differentiated neuron types
demonstrates that the chromatin factor LIN-53 provides a
barrier for cellular reprogramming. In dissipative systems
far from the equilibrium, even weak forces might break
symmetry in stable systems, leading to bifurcation and
hysteresis [9, 12]. Tiny perturbations do not always remain
tiny [37]. Therefore, further investigations of the functions
of these chromatin factors and their coordination could
potentially provide fruitful information with which to
probe the mechanistic basis for cell-fate conversion and
direct reprogramming between any cell types [38—40]. The
NuRD and its evolutionally distinct layers of partners like
c-myc could contribute much to suppress the “archaic”
embryonic attractors, which could be essentially protected
by Rb and PcG complexes and antagonized by NuRD at
specific stages. The classic iPS reprogramming with
defined factors is low efficiency. It would be predicted that
a combination of chromatin factor and transcription factor
could enhance the reprogramming efficiency, especially
after such chromatin factors as master regulators of cancer
attractors could be well elucidated in the future. For the
time being, we largely rely on a stochastic process at play
for the reprogramming. The directly induced lineage con-
versions, reprogramming of cells that are developmentally
closely related, require fewer transcription factors. How-
ever, it is possible that NuRD-related transcription factors
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would have a significant role; for example, two NODE
factors, such as Oct-4 and Nanog, could need to be down-
regulated in some cases [2, 3, 42]. Thus, some repro-
gramming could effectively combat cancers.

The NuRDs and the drug-resistance molecules

Previously, by using Ingenuity Program Analysis (IPA), we
analyzed the interactors [2, 3] and downstream target genes
(not shown) of NuRDs. The results confirm that NuRDs
have functions in diverse and distinct pathways. We then
compared the NuRDs of mouse hematopoietic stem cells
HSC and C. elegans GEPs. Surprisingly, we found the
most conserved hub genes shared by both included the
drug-resistant molecules, the apoptosis-inducing factor,
and metabolism genes. However, it is known that hsf-/
regulates multi-drug-resistant genes in mammalian cell
lines [41]. Further investigations are likely to shed light on
how the HSF1/NuRD complex relates to the pathological
role of MDRI1 in cancer. Previously, it was hypothesized
that histone deacetylase inhibitors can be used to reverse
multiple drug resistance [42].

Genetics of NuRDs, invasion and metastasis

In mammals, the metastasis-associated (MTA) proteins of
NuRD components MTA1-3 are critical for epithelial-
mesenchymal transition (EMT) [3, 43] and play essential
roles in metastasis. Using C. elegans, we and other
researchers have demonstrated that NuRD-orchestrated
anchor cell (AC) invasion programs could be relevant to
metastasis [43, 44]. These works would expand our
understanding of the basis of metastasis. Among the critical
genes specifically involved in AC invasion through the
basement membrane, many are direct targets of the hor-
monal longevity gene DAF-12/Liver X receptor [44],
including HSF1, LIT-1/Nemo-like gene, Hox genes and
components of NuRD complex such as HDA1, MEP-1, etc.
However, it is known that HSF1 directly regulates multi-
drug-resistant genes in mammalian cell lines and Hox
genes related to programmed cell death in C. elegans are
human oncogene homologs [45].

The extracellular matrix (ECM) and possible
reversibility of “archaic” attractors

One of the critical evolutionary changes that brought about
multi-cellularity and cellular differentiation is that ECM
proteins once peaked at transition from the unicellular life
form (e.g., Chlamydomonas) to the multi-cellular (e.g.,
Volvox). This residual trace exists in the development of
immune cells [18]. The difference in number and com-
plexity between the Volvox ECM and the Chlamydomonas

cell wall is mirrored by a dramatic increase in Volvox genes
for ECMs [2, 46, 47]. In C. elegans, a screen for LET-418/
Mi-2f8 suppression subtractive hybridization (SSH)
revealed a number of ECM proteins as target genes, such as
sqt-2 and sqt-3 [2]. The microarray profile of HDA-1/
HDAC showed that the majority of its target genes are
ECM-related [28]. DNA methyltransferase and histone
deacetylase (HDAC) inhibitors improve reprogramming
efficiency. In particular, valproic acid (VPA), an HDAC
inhibitor, improves reprogramming efficiency by more than
100-fold [48].

In general, the ECM proteins function as scaffolding for
tissue. Alterations in the ECM could lead to malignancy.
However, it was proposed that even after cancer genes have
been activated and lesions have formed, the process may
still be reversible, and the cells may resume their normal
appearance and function. Signaling factors such as ECM
and tissue architecture disruption could rewire the gene
regulatory network (GRNs) so that unoccupied and inac-
cessible “archaic” attractors suddenly become accessible
from within an adult cell phenotype [18, 40].

The chromatin basis of “archaic” embryonic attractors

The NuRDs may act as a ‘hub’, communicating with a
large number of genes to create a network of mutually
regulating genes, form circuitry and further leash the cell
attractors. Nucleosome remodeling and histone deacetyla-
tion can secure robustness by positive transcriptional
regulation of loci of downstream target genes, such as CD4
[49] or by repression of other groups of genes, like induced
pluripotent stem cell (iPS) cocktail factors, such as c-myc,
OCT-4, and LIN-28 [49]. In addition, they can complex
with many gene products of their target genes, such as
C-MYC, OCT-4 so that such cell-, tissue-, or stage-specific
NuRD complexes can modulate the activities of their tar-
gets [2, 3]. This can ensure their fine tuning functions.
Furthermore, LET-418/Mi-2f/MEP-1/NuRD control at
least HDA-1/HDAC1, LET-418/Mi-2f directly [50]. This
kind of multiple layer of mutual gene regulations ensures
further the different levels of attractors.

Many EMT genes are related to embryonic programs
specifically regulated by NuRDs [2, 3]. Most of these
embryonic TFs, which are known to play critical roles in
orchestrating EMTs during embryogenesis, are also found
to be expressed in a variety of human tumor cells; indeed,
their expression is often correlated with aggressive tumor
cell-associated traits. These TFs, including Slug, Snail,
Twist, and SIP-1 are NuRD-regulated genes [3, 27]. They
are highly conserved and initially discovered from devel-
opmental genetics of frog (Xenopus I) or D. melanogaster,
belonging to an initial development early in metazoan
evolution and having critical roles in the embryogenesis of
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these diverse organisms. These various TFs are appropri-
ated in order to enable carcinoma cells to acquire these
traits [49, 50].

The histological poorly differentiated tumors show
preferential over-expression of genes that are normally
enriched in ES cells, combined with preferential repression
of PcG-regulated genes. Moreover, activation targets of
Nanog and Oct-4 (possibly via NoDE, a NuRD of Nanog
and Oct-4) [51] and c-myc (possibly via c-myc/NuRD) are
more frequently over-expressed in poorly differentiated
tumors compared to well-differentiated tumors. These three
subgroups of signatures are all related to NuRD by direct
protein—protein interactions, and could thus merge as one
big group, i.e., the NuRD group, which has then antago-
nisms by PcG. This seems conserved at least in C. elegans
and mammals. Thus, this link between genes associated
with ES cell identity and the tumors raises the possibility of
these genes contributing to stem cell-like phenotypes in
many tumors [52]. However, key aspects of the ESC gene
expression program recapitulated in cancer cells has been
argued that this is largely a consequence of c-myc [52-54].
The c-myc amplification is the most frequent somatic copy-
number amplification in tumor cells. Tumor cells that over-
express c-Myc have enhanced expression of proliferation
genes, and this is likely due to the role of c-Myc in
recruiting p-TEFb to effect RNA polymerase II pause
release at these genes [55, 56]. The recent understandings
of dual control of c-myc by NuRD (being targeted and co-
targeting) has provided new insights into the molecular
pathways affected by mutations in these two key partners
[2, 3, 57]. Recruitment of the repressive histone deacetyl-
ase activity associated with NuRD is therefore one
mechanism by which Myc could act to block expression of
specific target genes [58, 59]. It remains mysterious what
causes over-expression of c-myc in cancer, but it has been
demonstrated that c-myc exists early as hydra.

Mutations that affect the functions or levels of TrxG and
PcG chromatin regulators have been implicated in a variety
of cancers. In fact, many TrxG-related proteins demonstrate
extensive molecular interactions of their counteracting
chromatin regulatory protein PcG group [60]. The study of
these regulators in ESCs and in cancer cells has revealed how
repression of lineage-specific transcription factors and cell-
cycle regulators may contribute to cancer phenotypes.
Interestingly, the CHD3/Mi-2« proteins PICKLE (PKL) and
PICKLE-RELATED2 (PKR2) have TrxG-like functions in
plants and are required for the expression of many genes that
are repressed by PcG proteins [60]. It is interesting to see if
Mi-2o has similar functions in mammals.

The genome of unicellular Chlamydomonas revealed
that the Rb and PcG genes are relatively “archaic”, but the
genome of multi-cellular Volvox has “novel” SWI/SNF
genes [46]. In mammals, PcG is critical for “stemness”
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[61, 62]. In C. elegans, the PcG-related protein MES-4 is a
maternal protein and has a critical function in oogenesis
and in the early embryo, especially during the zygote and
P1 and/or P2 stages [63—-65]. It has been proposed that
MES-4 is significant in establishing the germline potential
(and pluripotency). Nucleosome remodeling and histone
deacetylation is believed to be required for eliminating
germline potential (and pluripotency) in the early embryo
soma by chromosomal remodeling activity. In later embryo
stages, the NuRD-orchestrated remodeling required for
germline development, although this is restricted during the
P1 to P3 stage by PIE-1 [64]. This raises the exciting
possibility that a NuRD-linked “archaic cancer attractor”
theory might unify multi-cellularity. Greatly simplified, the
zygote stage for germline cells (e.g., in C. elegans)
somehow mimics archaic unicellular life forms; two-cell or
several cells embryos could mimic the “ground” archaic
cancer attractors. Evolutionally, multi-cellularity could
have needed to have NuRD activity to drive differentiation;
however, “archaic” PcG and Rb complexes or functionally
related CRCs could form the reprogramming barrier [52]
and GEDI maps of their deficiency are partially overlapped
to those of NuRDs (Fig. 1b—f). This could also be the basis
for archaic cancer attractor theory and provide a driving
force for differentiation with a certain threshold during
different stages and in different contexts [64, 65].
Undoubtedly, one could speculate that the “archaic” PcG
and Rb complex could have some novel adapted roles. In
molecular terms, we may have a holistic view of miRNAs
[66], DNA (de)methylation, histone modification, high-
order nuclear organization and post-transcription, which
are exactly where NuRDs play a critical role [2, 3].
Importantly, as mentioned earlier, MEP-1 directly regu-
lates the transcription of major components of DRM
complex [50]. They are LET-418/Mi-2f3, GEX-3/Interactor
of GEI-11/b-Myb, LIN-35/Rb, EFL-1/E2F1, DPL-1/DP,
SSL-1/p400 SWI/SNF ATPase, TRR-1/TRRAP, as well as
MES-4/PRC1-like, SOP-2/PcG-like, MES-2/EZH, MES-6/
EED, LIN-28, CHD-3/Mi-2o and FZR-1/CDHI, the com-
ponents of transcriptional machinery, such as AMA-1/
Polymerase II, CDK-9, CDK-7. Similar to MEP-1, LIN-
15B, a synMuv B pathway gene which possibly cooperates
with LET-418/Mi-2f and MEP-1, also directly regulates
the transcriptions of major components of DRM complex,
LIN-35/Rb, EFL-1/E2F1, DPL-1/DP, MEP-1, EGR-1/
MTAI1, LIN-15B itself, LIN-61/MBT, as well as MES-4/
PRCl1-like, P-TEFb/CDK?9 [50]. So does heterochromatin
protein HP1 functional tightly related synMuv B gene LIN-
13 [50]. Such regulatory circuits could ensure fine tuning of
GRN. Therefore, NuRD/DRM/dREAM and PcG tightly
mutually regulated. However, it remains unclear how these
CRCs (i.e., NuRDs, dREAM and PcG) are coordinated
well.
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How NuRD and its functionally related CRCs are
linked to the overall transition dynamics

The GRN in a cell is what it is because over evolutionary
time that is what has been selected, i.e., that is what has
been best adapted to the environment at the time and sur-
vived the transitions necessitated by environmental change.
The genomic DNA has been deployed in this system to
both act as a “library” for the essential specification of the
gene coding sequences (genotype) and as part of the pro-
cessing that takes place to synthesize the gene products,
and possibly contain the program that regulates and orga-
nizes the cell—that is what the attractor is assumed to have
so it could be intrinsically “instructive”, which needs
further confirmation. Fluctuations in environmental con-
ditions and acquisition of genetic mutations during
development can have an impact on the phenotypic out-
come of a given organism. How biological systems can
reduce the impact of these stochastic perturbations to
ensure a uniform phenotype is the above-mentioned
robustness. Genes that function in part to reduce the effect
of environmental or genetic variability are called pheno-
typic capacitors, and they contribute to robustness and may
underlie the stability of biological patterns. We propose
that as a result of interactions of the cell/organism with its
environment, NuRD (and its GRN) has been selected,
though it would be a paradoxical mixture of Darwinism
and Lamarckianism [67] (see discussion).

Furthermore, the cell attractors GRN model, particularly
one from Dr. Sui Huang [40], emphasizes that the tran-
scriptional factor (TFs) themselves, endowed with
sequence-recognition capability, must be in charge of ini-
tiating the opening of chromatin at specific sites, and then
probably followed by a bidirectional cooperation with the
NuRD and its friends that they recruit to their target loci.
How about the question “what regulates the regulatory
proteins?” Since the expression pattern of TFs is a con-
sequence of the control of the GRN, the sites of chromatin
opening and closing must, in principle, mirror the
dynamics of the GEP [40].

In fact, it remains unknown whether TFs or CRCs come
first at conditionally packed genome context. TFs are
sequence-specific, but the chromatin regulators help
unpack the nucleosomes and so chromosome.

We could hypothesize that the interaction constitutes a
special source of information with variation which is
selectable, this is most probably where the much-discussed
“missing inheritance” resides that a recent paper in Nat
Rev Genet [67] suggests that a source of genetic variation
has been missed—epigenetic variation, which might be one
coordinator in such contexts. NuRD/CRCs could not serve
only as an additional, important layer of stabilization of
expression patterns established by the network of

transcriptional regulation [40]. If the constraints on gene
expression pattern change are dictated by the GRN only,
then obviously the epigenetic barriers must be encoded in
the particular structure or “architecture” of the GRN [40].
But how do the specific constraints arise from the network
interactions? Dr. Sui Huang [40] considers the dynamics of
the network, which refers to the temporal behavior of the
state space S and NuRD and its friends may play important
roles to influence the “systems dynamics”.

The NuRD and its functionally related CRCs emerge as
the stabilizers responsible for the robustness, plasticity of
life based on their progresses in evolution and develop-
mental biology, through which GRNs in turn likely
experience its evolution rather than static or quiescent
ones. For example, the HDAC1 and HDAC2, two core
components of the NuRD complex, protect the C. elegans
genome against mutations [13, 68]. NuRD has important
roles in protection of genome integrity, proper DNA rep-
lication, cell proliferation (which would correspond to a
cycling attractors), and chromatin assembly [13], all of
which are crucial to GRN. Mediated by the synMuv B
pathway, NuRD can ensure the C. elegans animal survival
by antagonizing germline fate in the intestine. Grown at
high temperature, a majority of synMuv B mutants irre-
versibly arrest at the L1 stage. High temperature arrest
(HTA) is accompanied by ectopic expression of many
genes characteristic of germ line, including genes encoding
components of the synaptonemal complex and other mei-
osis proteins. This high temperature stress plus mutations
in such synMuv B genes largely mimics the RNAi treat-
ment on mep-I and let-418 or their mutant. As a
consequence, somatic cells gain a germline program of
gene expression in addition to their somatic program,
leading to a mixed fate. Somatic expression of germline
genes is enhanced at elevated temperature, leading to
developmentally compromised somatic cells and arrest of
newly hatched larvae. In C. elegans, such a group of syn-
Muv B mutations require further environmental stress to
attain the similar functions as LET-418/MEP-1/NuRD,
hence NuRD could be dominant in this regulation [69].

In general, chromatin regulators, together with co-
repressors or co-activators and/or their receptors, could
broadly determine the adaptive value of standing genetic
variation and this therefore has influenced the evolution of
current genomes and in so doing the evolution of GRNs
[70]. At the chromatin level, homologous to human co-
repressor  SMRT/HDACI1 associated repressor protein
(SHARP), C. elegans DIN-1S directly interacts with DAF-
12/Liver X receptor as a complex and it serves as a
molecular switch that implements slow life history alter-
natives in response to diminished hormonal signals [71].
We recently demonstrated that daf-12 ensures develop-
mental robustness by committing the animal to adult or
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dauer developmental programs despite variable internal or
external conditions [44].

DAF-21/Hsp90 (heat shock protein 90) was also found
to play an important role in buffering genetic and epige-
netic variation whose expression led to altered phenotypes.
A direct molecular interaction between Hsp90 and chro-
matin regulator [Trithorax (Trx)] control, together with the
members of the PcG, the developmental fate of cells by
modulating epigenetic signals. Connecting an epigenetic
network controlling major developmental and cellular
pathways with a system sensing external cues may explain
the rapid fixation and epigenetic inheritance of phenotypic
variation as a result of impaired Hsp90 [72, 73]. Both
selective inhibition of Hsp90 and temperature stress
increase the correlations between genotype and phenotype
[74, 75]. Hsp90 also regulates the piRNA pathway through
Piwi to mediate the robustness [76].

The new frontiers of carcinogenesis research

Classic incomplete network patterns have failed to provide
a description of biological phenomena, since real space
(inside the cells and among them) has been usually disre-
garded. Therefore, one voice is hovering: “cancer research
towards cancer therapy may develop faster if cancer is not
researched only in terms of molecular biology but rather in
terms of systems biology”. Yes or No, see what will hap-
pen in the future.

However, in close fields, many researchers make inroads
to some “new” aspects, which are aside from mainstream
genetic determinism to alternatives that emphasize non-
genetic influences, including chronic growth stimulation,
extracellular matrix remodeling, alteration of cell
mechanics, and disruption of tissue architecture. Impor-
tantly, as suggested by experts, the GRN does not work in
isolation or in a vacuum: its activity is likely to be con-
sidered “permissive” and must be “integrated” by
biophysical influences, mediated by the microenvironment
(cell-to-cell and cell-to-stroma interactions). Indeed, the
adoption of the information paradigm expressed by the
central dogma, which is linear, deprived the organism of its
physicality resulting in the marginalization of the role of
mechanics and electromagnetic forces in morphogenesis
[77]. The essays by Saetzler et al. [78] and by Bizzarri et al.
[79] focus on the role of mechanics in development and
cancer while the others address electromagnetic interac-
tions in cell communication. Saetzler et al. [75] argue for
the adoption of the organicist approach, whereby both a
bottom-up and top-down causality are taken into consid-
eration when explaining biological phenomena at large,
and carcinogenesis in particular. Additionally, they argue
that topology, i.e., real space, plays a causal role that
should be considered when modeling complex phenomena.
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Bizzarri et al. [79] propose to concentrate research efforts
at a mesoscopic level of organization in their approach to
the understanding of cancer, while also highlighting the
role of topology and its relationship to metabolism and
dynamic processes. Sui Huang [15], while recognizing the
role of supracellular phenomena, instead follows Wadd-
ington’s epigenetic landscapes to propose a cell-centered
approach while focusing it around an integrative concept,
namely, that of the attractor states. However, to better
understand the carcinogenesis, since TFs function evi-
dently through interactions or communications with NuRD
or related CRCs, in our opinion, they could need work
together. On the contrary, unexpectedly, chromatin regu-
lators might have both specific and global effects [80] and
its mystery needs further clarification. Our hypothesis
expands cancer attractors theory to chromatin regulator
with a case study of germline-specific ectopic expression in
a brain tumor. Finally, it sounds tempting to see if the
tissue organization field theory (TOFT) of cancer, which is
largely compatible with this NuRD/CRCs involved theory
of carcinogenesis, is a testable replacement for the somatic
mutation theory (SMT) in the future [81].

Unifying two cell-attractor models

Among a number of carcinogenesis theories (see support-
ing text for further discussions), in fact, there are even two
distinct (cancer) attractor models, but they could now be
naturally united by our proposed chromatin remodel sys-
tem-involved cancer attractor theory.

In one model [the above-mentioned Genetic regulatory
network (GRN) model], the attractors are derived from an
experimentally determined genetic regulatory network
(GRN) for the cell type. It is very popular and has provided
fruitful insights since its debut.

In the second model [the independent attractor (IA)
model], attractors arising from the interactions between
active gene products (mainly proteins) and independent of
the genomic sequence, are descended from a pre-cellular
state from which life originated. The attractor acts as the
interface between the cell and its environment [82, 83].
However, some terms for this model remain elusive and
abstract. It is asserted that the evidence from cell and
molecular biological research and logic favors the second
model, since it is hard to believe that the genome expres-
sion profile can solely and exhaustively explain cell
differentiation [82, 83].

For some questions, the second model seems relatively
easier to explain. For example, the IA model can couple
well with cell division and replication. The IA model
regards the cell as essentially a self-organized entity, albeit
that self-organization extends back into the evolutionary
past of the cell, i.e., it is inherited. As such, all functions of
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the cell, including cell division, are entrained in the
dynamics of the processes that sustain the cell. These
processes can be represented in the form of a dynamic
attractor [82, 83]. The cell is carried though the cell cycle,
including cell division at which point the attractor is
inherited by two cells. However, the IA model with the
introduction of chromatin remodel systems, makes its
molecular terms realistic. The chromatin remodeling sys-
tem indeed has its own specificity grammar and mediates
the communication between life organisms and environ-
ment as RoE of IA model, although this sounds like
Lamarckism. Besides, the rules of interaction between
genes and regulators (e.g., CRCs) can also be elaborated in
molecular terms. It ensures the relative ease of under-
standing the evolution of relevant mechanisms and why
multi-cellular organisms emerged in the world. Indeed the
GEDI map can show that such cell attractors exist in whole
animals. It has thus important implications for under-
standing the evolution of multi-cellularity and hereditary
and somatic disease (see below); this is consistent with the
IA model. It could be essential that one comprehensive
view on carcinogenesis has both protein level and RNAs
under consideration [84].

Finally, contradictory to the claim in description of IA
model is that MEP-1 has been shown to function in post-
transcriptional level [32] (IA model claimed that chromatin
marks and nucleosome location cannot influence posttran-
scriptional processes, lack of stability, and locus
specificity) and together with HSP90, NuRD and its func-
tionally related CRCs could get involved in
posttranslational regulation [73-75] as well as the RNA
processing-related multiple pathways [74-76]. Further-
more, away from the concerns of the description in GRN
model, we postulate that NuRD could have both a global
and locus-specific role [80]. Hence NuRD could have a
comprehensive and profound role in GRN alongside bal-
ancing both the plasticity and robustness of animals.

CRCs-linked “archaic” cancer attractors theory

Put together, in Fig. 2, the metaphoric “walking” of cells
along the trajectories can be coupled with cell division,
since the Mi-2/NuRD complexes couple with cell division
via an array of pathways [2, 3]. Considering the meta-
phorical “potential energy” in Fig.2 (also see
supplementary materials), the non-attractor status or the
height of the “mountain” possibly provides a driving force
for embryonic/stem/progenitor cell proliferation. This
“potential energy” (i.e., an inverse of probability) in a
realistic molecular items [12] could be the trend linking
inherited genomic program, environmental stresses, the
availability of nutrients, and the storage of ATPs for
chromatin remodeling. The chemical gradient and/or the

quantity of gene products could be the direct “driver”
factor. In general, the multi-potency of organisms is lost
during development. Stem cells with multi-potency, such
as ES cells and HSCs have been proposed to have a variety
of weakly activated genes, but a terminally differentiated
cell has a smaller number of strongly activated genes [85,
86]. However, this analogy is greatly simplified with the
tri-stable switch modified from one initiated by Huang
et al. and Kaufmann for its simplicity [40]. It is based on
the dynamics of the two-gene regulatory circuit and qual-
itative explanation to basic principles of dynamical systems
for the tri-stable circuits. It almost illustrates the abstract
concepts behind the hierarchy of cell type diversification
during the development. In reality, or “real space”, the
regulatory circuit dynamics need be further formalized as a
kind of quasi-potential landscape that captures the global
dynamics, typically illustrated by Waddington’s “epige-
netic landscape” [7, 40]. However, both dynamical
hallmarks of attractor states are represented here [39, 42].

In the pie-1 null mutants of C. elegans, the germline cell
P2 differentiates into somatic tissues in response to tran-
scriptional activators that are normally present but inactive
in the wild-type germline, so pie-1 plays an important role
in protecting germline pluripotency. For example, in the
embryonic germ cells, Z2 and Z3 are absent, but excess
numbers of differentiated somatic pharyngeal cells are
present in pie-1 null mutants [65]. This logically could
mimic the “gain of function” of the MEP-1/LET-418/Mi-
2/NuRD complex because at this stage; PIE-1 protein
biochemically and genetically represses the activities of the
MEP-1/LET-418/Mi-2/NuRD complex. In the metaphor of
mountains and valleys (Fig. 2), the activities of (i.e., loss or
gain of function) in the Mi-2/NuRD complex can manage
(i.e., push up or down) the “potential” energy transfer so as
to promote differentiation or maintain the germline stem
cell state. The somatic cells in animals with loss of function
in the Mi-2/NuRD complex retain germ stem cell potential
and respond inappropriately to developmental cues that
normally regulate germ stem cell-specific GRN. Moreover,
the MEP-1/LET-418/Mi-2/NuRD functions at or after the
onset of succeeding differentiation events to change the
distribution of maintenance factors. This allows the stable
specification of new stage-specific chromatin domains
sequentially within each cell lineage during development
through the concerted action of transcriptional activators
and repressors.

Interestingly, for the embryonic somatic cells, the MEP-
1/LET-418/Mi-2/NuRD complex stably inactivates germ-
line potential (Figs. 1, 2); however, during larval
development for vulval precursor cells, the activities of
MEP-1/LET-418/Mi-2/NuRD stably inactivate the poten-
tial to undergo vulval differentiation. Therefore, Mi-2/
NuRD behaves as a “stabilizer” rather than a simple
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Fig. 3 Different tiers of tumors based on their origins with respect to
development stages of stem cells regulated by NuRD/CRCs. Tumor I
and II are derived from so-called ‘stem cells’ in sense of their
differentiation potency. Type I occurs when the differentiated cells
fail to lose proliferation potential, especially malfunctions of NuRD/
CRCs; while type II occurs when abnormal cell types are generated
unexpectedly. Tumor III and IV are derived from differentiated cells

activator/repressor only, whether cells switch to neighbor
“attractors” may be tightly controlled by the powerful Mi-
2/NuRD complex and its related CRCs (Fig. 3). A similar
mechanism could remain in mammals.

Conclusions

With GEDI and IPA computation analysis, data-mining,
Mi-2/NuRD complexes along with their functionally rela-
ted dREAM/MMB complex and antagonistic PcG complex
emerge as master regulators of such cancer attractors, and
the MDR1 gene and some ECM genes as conserved hub
molecules for functions of Mi-2/NuRD. The notion of
“quasi”’—mutation which reflects the nature of Mi-2/
NuRD inherent integration of dynamic deterministic and
stochastic dynamics as well as non-genetic and genetic
heterogeneity, the simplicity of cancer attractors and the
versatility of NuRDs are combined, the NuRD—orches-
trated “cancer attractors” provides a surprisingly simple,
straightforward, and user-friendly explanation for obser-
vations of cancer cell behavior and could enlighten the
cancer “attractors”-based prevention and therapy. Impor-
tantly, this theory (Figs. 2, 3) provides molecular terms for
the recent united hypothesis for non-equilibrium dynamics
(attractors) and developmental biology (morphogenetic
fields), and proposes two big groups (i.e., NuRD and PcG)
of embryonic signatures rather than many sets in differ-
entiation cancer (Fig. 3), then emphasizes the “archaic”
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at each level. Type III occurs when the reverse process of
differentiation fails to produce the expected progenitors; type IV
occurs when the doomed terminal cells ‘create’ their own descendant
cell types, regaining capability of proliferation. NuRD/CRCs could
have abnormal functions during such processes. Such stem cell
biology could be at part directly tested in models of anchor cell (AC)
invasion, vulva development in C. elegans

cancer attractors to own the multiple layers of mutual gene
regulation as well as low expression level with more acti-
vated genes bearing dynamic variations rather than high
expression level but less activated genes [85, 86]. This can
give reliable explanatory insights into the complex inter-
actions taking place between cancer cells and embryonic
cues. Morphogen-induced network rewiring results in a
shift of attractor boundaries, leading to a displacement of
the cell population toward a different attractor.

In this perspective, we also presented cross-species
evolutional evidence, such as RegA, as a functional
equivalent of NuRD in Vovlox Carterei, and summarized
the current understanding in protection of genome insta-
bility of NuRD, other CRCs together with HSP90 or DAF-
12 for cell fate determination, NuRD/CRCs as system
sensor of external cues to rapidly fix and epigenetically
inherit phenotypic variations as well to ensure develop-
mental robustness during genome evolution. This is just a
framework and more detailed work is needed. To some
extent, GRN could indeed have the “instructive” as “a
Turing machine”, but its evolution could be influenced by
NuRD or related CRCs.

Superficially, our work could just add chromatin regu-
lators to cancer attractors theory, however, if it could be
proven true, we could propose the strategy: (1) Quantifi-
cation first of the effects of inhibitors of NuRD/its related
for systematically reprogramming and optimizing cell state
(i.e., reversing from pathological to normal physiological);
(2) “Artificial evolution” by interfering this common
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frailty (i.e., cancer), which might be the outcome of one
evolutional trade-off between the population survival to
individual sacrifice/altruism. Such a trade-off is in part
proven in the ageing research in C. elegans [87]. It could
emerge during the transition from unicellular form to
multi-cellular form. Its more advanced form could be Eu-
social structure. Hence, cancer is inevitable for human
beings during the evolution with the code of natural
selection. The active treatments with modern knowledge
will make sense for the state/health of individual, but
certainly along with a cost of health plan burden since the
performance always comes at a price [70, 88].

This hypothesis would also imply reorientation of cur-
rent treatment principles from cellular destruction therapies
to cellular retraining or cyto-education [38]. Obviously,
this novel theory integrates well with differentiation theory,
i.e., a block of normal differentiation and abnormal
reversal of differentiation (i.e., de-differentiation) being the
hallmarks of cancer. However, “chemotherapeutic inter-
vention in advanced cancer alone has been an exercise in
futility” [12]. One could combine chemotherapeutic
intervention selectively inhibiting HSF1 (e.g., quercetin)
and proteasome, and targeting this Mi-2/NuRD complex
together with differentiation therapy to form “cocktail”
therapy, designed to facilitate cancer cells re-entering the
differentiation program. Its success depends on appropriate
molecular “lever points”, the perturbations of which place
the bio-molecular system into states that are poised to
differentiate. Indeed, a therapeutic agent or embryonic
extracts could allow the system to naturally flow toward an
attractor that corresponds to the desired cellular endpoint.
Clinical trials performed using zebrafish embryo extracts
administered to advanced cancer patients who no longer
respond to conventional treatment had marked beneficial
effects [12]. Another principally different therapeutic
strategy could aim at neutralization of the harmful effects
of the cancer cell rather than at its elimination. This
approach appeared to be efficient in model systems: anti-
bodies to VEGFR1 and VEGFR2 inhibit formation of
metastases in mice in which VEGFR1- and VEGFR2-
positive bone marrow cells are involved in formation of a
pre-metastatic niche [88]. One alternative interference
approach goes to the modified newly developed iPS
(induced pluripotent stem) cell technology [35] (Fig. 3).
An aneuploid melanoma cell line remains amenable to
reprogramming into iPSCs that supported the development
of chimeras, suggesting that certain cancer cells are
reprogrammable by transcription factors. This observation
should be useful for studying the relative contribution of
reversible epigenetic and irreversible genetic changes to
cancer [89, 90].

Importantly, the simple model organisms such as C.
elegans, Drosophila, and zebrafish that have supplied us

with many remarkable discoveries have overcome the
barriers of resolution not typically achievable in mamma-
lian models, and they could enable us to accelerate the
development of a new generation of specific cancer drugs,
like co-clinical trials. It would be expected that the small-
molecule drug screening for NuRD and other CRCs for
cellular reprogramming could be a new class of targets for
cancer prevention and therapy. Ideally, a minimal pertur-
bation of “level points” on “archaic” cancer attractors
could reverse the diseased states to healthy state attractors,
without (or almost without) the short-term or long-term
side-effects.
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