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Abstract Nucleic acids and regulatory proteins are architecturally organized in nuclear microenvironments. The
compartmentalization of regulatory machinery for gene expression, replication and repair, is obligatory for fidelity of
biological control. Perturbations in the organization, assembly and integration of regulatory machinery have been func-
tionally linked to the onset and progression of tumorigenesis. The combined application of cellular, molecular, biochemical
and invivo genetic approaches, together with structural biology, genomics, proteomics and bioinformatics, will likely lead to

new approaches in cancer diagnostics and therapy. J. Cell. Biochem. 104: 1949-1952, 2008.
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Recognizing the role of the nuclear micro-
environment in tumor biology and pathology,
the National Cancer Institute convened a Work-
shop to explore strategies for functionally
dissecting the intranuclear compartmentaliza-
tion of regulatory machinery. This meeting
provided a forum for an assessment of our
current understanding of the function of
nuclear organization, cancer development and
progression at the cellular and molecular levels
as well as consideration of the strengths and
limitations of emerging concepts and experi-
mental approaches.

Regulatory machinery for transcription rep-
lication and repair is compartmentalized in
microenvironments within the nucleus. The
combinatorial components for biological control
are organized and assembled into focal intra-
nuclear domains. This architectural pers-
pective of nuclear structure and function is
consistent with our current understanding of
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the temporal and spatial elements of regulatory
mechanisms that govern physiological proc-
esses. Equally relevant, changes in nuclear
morphology and in the representation, organ-
ization, assembly and integration of regulatory
signals are linked to perturbations in the
stringent control of proliferation and differ-
entiation that can lead to cancer.

Microenvironments within the nucleus are
hierarchical with respect to organization, local-
ization and complexity, providing architectural
components for regulation at multiple levels.
Regulatory scaffolding proteins that bind at
sites of target gene promoters recruit com-
binations of coregulatory proteins for tran-
scriptional regulation, chromatin remodeling,
histone modifications and execution of key
signaling pathways. Reflecting higher level
nuclear organization, many transcription factors
are organized in defined punctate subnuclear
domains where concentrations are established
that promote regulatory activity.

There was consensus that exploring the
involvement of nuclear microenvironments in
tumorigenesis requires new experimental strat-
egies that challenge existing paradigms. The
importance of combining molecular, cellular,
biochemical and in vivo genetic approaches with
structural biology, genomics, proteomics and
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bioinformatics was emphasized. The rapid
throughput, high resolution and quantitative
options for understanding nuclear organization
within the context of gene expression, replica-
tion and repair were considered. Specificity was
a key consideration with respect to sequence,
structure and signatures based on location. The
synergy between multiple levels of nuclear
organization to accommodate the integration
of regulatory signals and configuration of
regulatory networks was assessed in relation
tonuclear localization. Trafficking of regulatory
proteins to navigate the landscape of the cell
nucleus was evaluated as a basis for establishing
domains that support threshold concentrations
of regulatory molecules for gene expression,
replication and repair. Nuclear import signals,
intranuclear trafficking signals and promoter
recognition sequences were considered as compo-
nents of a dynamic cellular response to cues that
mediate gene activation and suppression.
Consideration was given to mechanisms for
utilizing elements of nuclear structure to epi-
genetically sustain the capacity for execution of
regulatory signals during interphase as well as
for progeny cells to sustain the capacity for
expression of cell growth and phenotypic genes
following mitosis, despite the disassembly of
nuclear structure during the process. The
implications of retention of transcription
factors within target gene loci of mitotic chro-
mosomes as a mechanism for distribution of
regulatory machinery during cell division in
order to render cells transcriptionally competent
when they emerge from mitosis were discussed.
In abroader biological context, epigenetic control
can be expanded from mechanisms that are
based on DNA methylation and histone modifi-
cations to include transcription factor interac-
tions with genes on mitotic chromosomes.
Another question addressed in this workshop
was the extent to which regulatory machinery is
compartmentalized. There was extensive con-
sideration regarding the focal placement of
transcription factors, genes and sites for repli-
cation, repair and cell survival during inter-
phase and mitosis. Linkage to persistence and
progression of the transformed and tumor
phenotype were emphasized. The strikingly
reproducible presence and location of chromo-
somal territories in interphase nuclei was
viewed as a basis for facilitating processes that
include: the assembly of regulatory networks;
crosstalk between genes and regulatory comp-

lexes that reside on independent chromosomes;
and a predisposition for frequent chromosomal
translocations that characterize certain tumors.
Unquestionably, advances in high resolution
microscopy and in situ analysis of genes, tran-
scripts and regulatory factors has enabled this
element of nuclear organization to become
increasingly significant.

Our recognition of the complexity of nuclear
organization is evolving. As a consequence,
there is appreciation that multiple parameters
of nuclear organization can serve as a major
contributor to cell phenotype. Each signal that
assigns location of regulatory complexes within
the nucleus and each linkage of a nuclear
microenvironment with a component of gene
expression, replication or repair, can lead to
transformation and tumorigenesis.

There is accruing evidence that a detailed
understanding of nuclear organization can lead
to new methods for tumor detection as well as a
new source of drugable targets. Conventional
chemotherapy is largely based on DNA struc-
ture. DNA methylation, chromatin structure
and nucleosome organization serve as epige-
netic targets for HDAC inhibitors and DNA
methylase blockers. Targeting PML bodies with
ATRA illustrates the feasibility of therapeuti-
cally reversing modifications in a tumor-related
microenvironment that is sustained unless
the PML patient relapses. These examples of
selectively modifying changes in nuclear organ-
ization to treat cancer are “proofs of principal”
for the value of dissecting the composition,
organization and regulation of gene expression,
replication and repair within the three dimen-
sional context of nuclear architecture for novel
approaches to detect and treat cancer.

The series of Prospect articles in this issue of
Journal of Cellular Biochemistry, though by
no means inclusive, conveys the challenges
and approaches for nuclear microenvironments
to enhance our appreciation for compromised
regulatory mechanisms in tumor cells that can
translate to therapy with high specificity and
without “off-target” toxicity.

Participants in the National Cancer
Institute Workshop on “The Nuclear Micro-
environment and Cancer”, February 8-10,
2006, Washington, D.C. and References.
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