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Abstract Functional interrelationships between components of nuclear architecture and control of gene expres-
sion are becoming increasingly evident. There is growing appreciation that multiple levels of nuclear organization
integrate the regulatory cues that support activation and suppression of genes as well as the processing of gene
transcripts. The linear organization of genes and promoter elements provide the potential for responsiveness to
physiological regulatory signals. Parameters of chromatin structure and nucleosome organization support synergism
between activities at independent regulatory sequences and render promoter elements accessible or refractory to
transcription factors. Association of genes, transcription factors, and the machinery for transcript processing with the
nuclear matrix facilitates fidelity of gene expression within the three-dimensional context of nuclear architecture.
Mechanisms must be defined that couple nuclear morphology with enzymatic parameters of gene expression. The
recent characterization of factors that mediate chromatin remodeling and intranuclear targeting signals that direct
transcription factors to subnuclear domains where gene expression occurs, reflect linkage of genetic and structural
components of transcriptional control. Nuclear reorganization and aberrant intranuclear trafficking of transcription factors for
developmental and tissue-specific control that occurs in tumor cells and in neurological disorders provides a basis for high
resolution diagnostics and targeted therapy. J. Cell. Biochem. Suppls. 30/31:220–231, 1998. r 1998 Wiley-Liss, Inc.
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It is readily acknowledged that transcrip-
tional and post-transcriptional control is gov-
erned by complex and interdependent regula-
tory events. The biochemical components of
transcription, processing of gene transcripts,
and the bidirectional exchange of regulatory
macromolecules between the nucleus and cyto-
plasm must be stringently modulated to ensure
the fidelity of cell growth and phenotype-re-
stricted gene expression. However, there is
growing appreciation that the representation of
factors involved with each component of gene
expression are necessary but insufficient to fa-
cilitate the integration of regulatory signals
required for transient and long-term commit-
ments to physiologically responsive transcrip-
tional control. How, with a limited representa-

tion of gene-specific or phenotype-restricted
promoter regulatory elements and cognate fac-
tors, can a threshold concentration for initia-
tion of expression be attained in intact cells?
How are genes and regulatory proteins directed
to sites within the nucleus that support replica-
tion and expression? How are genes and tran-
scripts compositely assembled into complexes
and biochemically modified to support activa-
tion and suppression of genes? These fundamen-
tal questions provide a basis for experimentally
addressing the functional implications of nucleic
acid compartmentalization within the nucleus
as well as the requirements for fidelity of inter-
relationships between nuclear architecture and
parameters of gene expression that are re-
quired to sustain biological control.

CONCEPTUAL AND EXPERIMENTAL BASIS
FOR NUCLEAR STRUCTURE—GENE
EXPRESSION INTERRELATIONSHIPS

General Considerations

Gene regulatory mechanisms that are opera-
tive in vivo must be understood within the
three-dimensional context of nuclear architec-
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ture. Historically there was a perceived di-
chotomy between regulatory mechanisms sup-
porting gene expression and components of
nuclear structure. However, this parochial view
is rapidly changing. The emerging concept is
that both transcription and DNA synthesis oc-
cur in association with structural parameters
of the nucleus. Consequently, it has become
evident that the cellular and molecular mecha-
nisms must be defined which contribute to both
the regulated and regulatory relationships of
nuclear morphology to the expression and repli-
cation of genes [reviewed in Berezney and Jeon,
1995; Lamond and Earnshaw, 1998; Bird et al.,
1997].

Our concept of a promoter has evolved from
the initial expectation of a single regulatory
sequence that determines transcriptional com-
petency and level of expression. We now appre-
ciate that transcriptional control is mediated
by an interdependent series of regulatory se-
quences that reside 5’, 3’ and within tran-
scribed regions of genes. Rather than focusing
on the minimal sequences required for tran-
scriptional control to support biological activity,
efforts are being directed towards defining func-
tional limits. Contributions of distal flanking
sequences to regulation of transcription and
long-range chromosomal contexts are being ex-
perimentally addressed. Cross-talk between a
series of regulatory domains must be under-
stood under diverse biological circumstances
where expression of genes supports cell and
tissue functions. The overlapping binding sites
for transcription factors within promoter regu-
latory elements and protein-protein interac-
tions that influence transcription factor activ-
ity provide further components of the requisite
diversity to accommodate regulatory options
for physiologically responsive gene expression.

Levels of Nuclear Organization Mediating
Gene Expression

There is growing appreciation that nuclear
architecture provides a basis for support of
stringently regulated modulation of cell growth
and tissue-specific transcription. Here, evi-
dence points to contributions by multiple levels
of nuclear organization to in vivo transcrip-
tional control where structural parameters are
functionally coupled to regulatory events. The
primary level of gene organization establishes a
linear ordering of promoter regulatory ele-
ments. The representation of regulatory se-

quences reflects competency for responsiveness
to physiological regulatory signals. However,
interspersion of sequences between promoter
elements that exhibit coordinate and synergis-
tic activities indicates that a structural basis is
required for integration of activities at indepen-
dent regulatory domains. Parameters of chro-
matin structure and nucleosome organization
are a second level of genome architecture that
reduces the distance between promoter ele-
ments thereby supporting interactions between
the modular components of transcriptional con-
trol (reviewed in Kingston et al., 1996; Zla-
tanova and van Holde, 1992). Each nucleosome
contracts linear spacing by seven-fold. Higher
order chromatin structure further reduces nu-
cleotide distances between regulatory se-
quences. Folding of nucleosome arrays into sole-
noid-type structures provides a potential for
interactions which support synergism between
promoter elements and responsiveness to mul-
tiple signaling pathways. Chromatin organiza-
tion renders promoter elements accessible or
refractory to interactions with transcription fac-
tors under a broad spectrum of biological cir-
cumstances and mediators of chromatin remod-
eling are being defined [Kingston et al., 1996;
Grunstein, 1997]. A third level of nuclear archi-
tecture which contributes to transcriptional con-
trol is provided by the nuclear matrix. The
anastomosing network of fibers and filaments
which constitute the nuclear matrix supports
the structural properties of the nucleus as a
cellular organelle and accommodates struc-
tural modifications associated with prolifera-
tion, differentiation and changes necessary to
sustain phenotypic requirements of specialized
cells [Bidwell et al., 1994; Dworetzky et al.,
1990; Getzenberg and Coffey, 1990; Nickerson
et al., 1990]. Regulatory functions of the nuclear
matrix include but are by no means restricted
to: DNAreplication [Berezney and Coffey, 1975],
gene localization [Zeng et al., 1997], imposition
of physical constraints on chromatin structure
which support formation of loop domains, con-
centration, and targeting of transcription fac-
tors [Dworetzky et al., 1992; van Wijnen et al.,
1993; Nelkin et al., 1980; Robinson et al., 1982;
Schaack et al., 1990; Stief et al., 1989], RNA
processing and transport of gene transcripts
[Lawrence et al., 1989; Zeitlin et al., 1987;
Carter et al., 1993; Spector, 1990; Blencowe et
al., 1994], post-translational modifications of
chromosomal proteins, as well as imprinting
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and modifications of chromatin structure [Davie,
1997].

We are just beginning to comprehend the
significance of nuclear domains in the control of
gene expression. These local nuclear environ-
ments that are generated by the multiple as-
pects of nuclear structure are tied to develop-
mental expression of cell growth and tissue-
specific genes. Initially, control of gene
expression and characterization of structural
features of the nucleus were conceptually and
experimentally pursued as minimally inte-
grated questions. However, independent pur-
suit of nuclear structure and function has oc-
curred in parallel with the appreciation that
several components of nuclear architecture are
associated with parameters of gene expression
or control of specific classes of genes. There is
long-standing acceptance that the nucleolus is
the site of ribosomal gene expression. The
nuclear pore is recognized as a site for facilitat-
ing the import and retention of gene regulatory
factors, as well as the export of gene transcripts
[Silver et al., 1984; reviewed in Ullman et al.,
1997]. SC35 domains have been extensively
studied from the standpoints of RNA splicing
and the dynamic recruitment of transcript pro-
cessing factors [Carter et al., 1993; Clemson et
al., 1996; Dyck et al., 1994; Nickerson et al.,
1995; Pombo and Cook, 1996]. PML bodies and
coiled bodies have been associated with control
of gene expression and undergo modifications
in structure and potentially function in cancer
cells [Dyck et al., 1994; Grande et al., 1996].
Because these components of nuclear architec-
ture have been defined by immunofluorescence
microscopy and/or ultrastructural imaging as
well as by biochemical criteria, a viable basis
has been established for linkage with gene regu-
latory mechanisms. Taken together, these com-
ponents of nuclear architecture facilitate the
biological requirements for physiologically re-
sponsive modifications in gene expression
within the contexts of: 1) homeostatic control
involving rapid, short-term and transient re-
sponsiveness; 2) developmental control which
is progressive and stage-specific; and 3) differ-
entiation-related control which is associated with
long-term phenotypic commitments to gene ex-
pression for support of structural and func-
tional properties of cells and tissues.

From a broader perspective, reflecting di-
verse regulatory requirements as well as pheno-
type-specific and physiologically responsive rep-
resentation of nuclear structural proteins, there

is a reciprocally functional relationship be-
tween nuclear structure and gene expression.
Nuclear structure is a critical determinant of
transcriptional control and the expressed genes
modulate the regulatory components of nuclear
architecture.

INTRANUCLEAR TARGETING OF
TRANSCRIPTION FACTORS TO SUBNUCLEAR

DOMAINS THAT SUPPORT EXPRESSION

An understanding of interrelationships be-
tween nuclear structure and gene expression
necessitates knowledge of the composition, orga-
nization, and regulation of sites within the
nucleus that are dedicated to replication, tran-
scription, and processing of gene transcripts.
During the past several years there have been
developments in reagents and instrumentation
to enhance the resolution of nucleic acid and
protein detection by in situ hybridization and
immunofluorescence analyses. The combined
application of isotopic and non-isotopic meth-
ods, together with a new generation of high
resolution techniques for quantitation and
three-dimensional construction of ‘‘captured im-
ages’’ is providing new insights into the intra-
nuclear distribution of genes and regulatory
factors. We are beginning to make the transi-
tion from descriptive in situ mapping of genes,
transcripts, and regulatory factors to visualiza-
tion of gene expression from the three-dimen-
sional perspective of nuclear architecture. Ini-
tially, in situ approaches were primarily utilized
for intracellular localization of nucleic acids
and proteins that were subsequently shown by
biochemical analyses to contribute to control of
gene expression. We are now applying high
resolution in situ analyses for the primary char-
acterization of gene regulatory mechanisms un-
der in vivo conditions.

Transcription Factor Organization
Reflects Linkages of Nuclear Structure

With Gene Expression

The organization and activities of transcrip-
tion factors provide a paradigm for addressing
interrelationships of nuclear architecture with
transcriptional control. Association of CBFA/
AML transcription factors with the nuclear ma-
trix has permitted direct examination of mecha-
nisms for targeting regulatory factors to
subnuclear domains that support transcrip-
tion. CBFA/AML- related factors (core binding
factor a/acute myelogenous leukemia factors)
are expressed in tissues of the lymphoid, my-
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eloid and osteoblast lineages where they are
key components of mechanisms mediating tis-
sue-specific transcription [Bae et al., 1993;
Banerjee et al., 1996, 1997; Meyers et al., 1996;
Satake et al., 1995; Merriman et al., 1995; Ducy
et al., 1997; Nuchprayoon et al., 1994; Frank et
al., 1995]. There are three genes designated
CBFA1/AML-3, CBFA2/AML-1, and CBFA3/
AML-2, which share a runt homology DNAbind-
ing domain first observed in the drosophila runt
pair rule gene [Wang et al., 1993; Meyers et al.,
1993, 1995, 1996; Bae et al., 1993]. Control of
hematopoietic and osteogenic transcription is
mediated by interactions with CBFA/AML rec-
ognition sequences (5’ TGYGGT; Y5 C or T)
that reside in promoters of genes which exhibit
developmental and tissue-restricted expres-
sion.

Insight into the regulated and regulatory ac-
tivities of AML transcription factors are pro-
vided by functional interactions with nuclear
architecture. Both biochemical and immunoflu-
orescence analyses have shown that CBFA/
AML transcription factors associate with the
nuclear matrix in situ [Banerjee et al., 1997;
Merriman et al., 1995; Zeng et al., 1997]. Anti-
body staining patterns indicate a punctate
nuclear distribution of CBFA/AML proteins.
Taken together, these observations are consis-
tent with the concept that the nuclear matrix is
functionally involved in gene localization and
in the concentration and subnuclear localiza-
tion of regulatory factors [Zeng et al., 1997;
Stein et al., 1994, 1996, 1997; Dworetzky et al.,
1992; van Wijnen et al., 1993; Nickerson et al.,
1995; Blencowe et al., 1994; Mancini et al.,
1994; Bidwell et al., 1993].

The initial indication that nuclear matrix
association of AML factors is required for maxi-
mal activity was provided by the observation
that transcriptionally active AML-1B (amino
acid 1–480) associates with the nuclear matrix
but inactive AML-1 (amino acids 1–250) does
not [Zeng et al., 1997]. This localization of AML
was established by biochemical fractionation
and in situ immunofluorescence. A similar asso-
ciation of AML-1B, AML-2, and AML-3 with the
nuclear matrix occurs indicating that a com-
mon intranuclear targeting mechanism may be
operative for the family of AML transcription
factors [Zeng et al., 1997]. Variations in the
partitioning of the transcriptionally active
AML-1B and the inactive AML-1 between sub-
nuclear fractions permitted development of a
strategy to identify a region of the AML tran-

scription factors which are directing the regula-
tory proteins to the nuclear matrix. A series of
deletion and internal mutations were con-
structed and assayed for competency to associ-
ate with the nuclear matrix by Western analy-
sis of biochemically prepared nuclear fractions
and by in situ immunostaining following trans-
fection into intact cells. As schematically illus-
trated in Figure 1 and shown by immunofluores-
cence images [Zeng et al., 1997], association of
AML-1B with the nuclear matrix is indepen-
dent of DNA binding and requires a nuclear
matrix targeting signal, a 31 amino acid seg-
ment near the C-terminus that is distinct from
nuclear localization signals [Zeng et al., 1997].
A similar nuclear matrix targeting signal is
present in AML-2 and the bone-related AML-3
transcription factors. Fusion of the AML-1B
nuclear matrix targeting signal to the heterolo-
gous GAL4-(1–147) protein directs GAL4 to the
nuclear matrix [Zeng et al., 1997]. Thus, the
nuclear matrix targeting signal functions au-
tonomously and is necessary as well as suffi-
cient to target the transcriptionally active
AML-1B to the nuclear matrix.

These results provide insight into mecha-
nisms by which gene regulatory factors are
targeted to the nuclear matrix. The existence of
a nuclear matrix targeting module that func-
tions independently of the AML-1B DNA bind-
ing domain provides evidence for the specificity
of these factors/nuclear matrix interactions.
Specific targeting argues against indiscrimi-
nate attachment of such proteins to the nuclear
matrix during subcellular fractionation. These
findings are an indication of mechanisms in-
volved in the selective trafficking of proteins to
specialized domains within the nucleus to be-
come components of functional complexes. At
least two trafficking signals appear to be re-
quired for subnuclear targeting of AML tran-
scription factors; the first supports nuclear im-
port (Nuclear Localization Signal) and a second
mediates association with the nuclear matrix
(Nuclear Matrix Targeting Signal; Fig. 2). The
multiplicity of determinants for nuclear localiza-
tion and alternative splicing of CBFA/AML
mRNA may provide the requisite complexity to
support targeting to specific sites within the
nucleus in response to diverse biological condi-
tions. Furthermore, because gene regulation by
AML-1B involves contributions by other factors
such as CBFb [Ogawa et al., 1993; Banerjee et
al., 1996], ETS-1 [Giese et al., 1995], and C/EBP

Nuclear Architecture and Gene Expression 223



[Zhang et al., 1996], AML-1B may facilitate
recruitment of these factors to the nuclear matrix.

Characterization of Transcriptionally Active
Subnuclear Compartments

Association of genes and cognate factors with
the nuclear matrix may support the formation
and/or activities of nuclear domains that facili-
tate transcriptional control [Nickerson et al.,
1995; Stein et al., 1996; Berezney et al., 1996;
Jackson, 1997; Davie, 1997; Guo et al., 1995;
Merriman et al., 1995; Lindenmuth et al., 1997;
Grande et al., 1997; Alvarez et al., 1997; Chen
et al., 1996; Nardozza et al., 1996; Spelsberg et
al., 1996]. Recent results from our laboratory
indicate that the association of AML transcrip-
tion factors with the nuclear matrix is obliga-
tory for activity [Zeng et al., 1998]. Active tran-
scription is required for colocalization of
AML-1B and RNA polymerase II at the nuclear
matrix [Zeng et al., 1998] (Fig. 3). The promoter
recognition function of the runt homology do-
main of AML-1B, and thus the consequential
interactions with AML responsive genes is es-

sential for formation of transcriptionally active
foci containing AML and RNA polymerase II in
the nuclear matrix [Zeng et al., 1998]. In addi-
tion, the nuclear matrix targeting signal sup-
ports transactivation when associated with an
appropriate promoter and transcriptional activ-
ity of the nuclear matrix targeting signal de-
pends on association with the nuclear matrix
[Zeng et al., 1998]. Taken together, targeting of
AML transcription factors to the nuclear ma-
trix is important for their function and tran-
scription. However, components of the nuclear
matrix that function as acceptor sites remain to
be established. Characterization of such nuclear
matrix components will add an additional di-
mension to characterizing molecular mecha-
nisms associated with gene expression—the tar-
geting of regulatory proteins to specific spatial
domains within the nucleus.

Functional Implications for Modified Nuclear
Structure in Tumor Cells

Transformed and tumor cells exhibit striking
alterations in nuclear morphology as well as in

Fig. 1. Delineation of the nuclear matrix targeting signal of
CBFA2/AML-1B. The CBFA2/AML-1B transcription factor is sche-
matically illustrated with designations for the nuclear localiza-
tion signal (NLS), the highly conserved runt homology domain
that functions as a sequence-specific DNA binding protein and

interacts with the heterodimerization partner CBFb, the nuclear
matrix targeting signal (NMTS), and two C-terminal context-
dependent transactivation domains in the NMTS and the amino
acid 432–480 segment. Color plate on page 322.
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the representation and intranuclear distribu-
tion of nucleic acids and regulatory factors. In
both leukemias and solid tumor cells there are
modifications in components of nuclear architec-
ture that are involved in control of gene expres-
sion. Examples include mutations of the AML,
ALL, and PML loci in leukemias that accom-

pany changes in gene expression and the sub-
nuclear organization of encoded transcription
factors. In colon tumor cells, modifications in
the subnuclear distribution of the APC factor is
observed [Joslyn et al., 1993]. These factors are
associated with nuclear architecture and the
alterations in relationships with nuclear archi-

Fig. 2. Intracellular trafficking of the CBFA/AML class of tran-
scription factors supports gene activation. A. The differential
intra-cellular routing of distinct CBFA/AML factors depending
on presence of specific subcellular targeting signals (green, red)
in protein isoforms encoded by mRNA splice variants. B. Pro-
vides a model of the molecular sorting mechanisms which
occur to support selective targeting of CBFA/AML factors to
transcriptionally active domains. This involves nuclear localiza-
tion signal (NLS; green) dependent nuclear import (Step 1),

specific association with the nuclear matrix (vertical and hori-
zontal lines) in response to the presence of a nuclear matrix
targeting signal (NMTS; red; Step 2), and a requirement for a
promoter recognition function of a sequence-specific DNA
binding domain (DBD; yellow; Step 3) to associate with active
chromatin (thick wavy line). These three steps together result in
RNA pol II0-mediated activation of AML responsive genes.
Color plate on page 323.
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tecture appear to be related to changes in gene
control. Identification of nuclear import signals
in transcription factors and the recent charac-
terization of intranuclear targeting signals that
direct regulatory proteins to subnuclear do-
mains, support transcription reinforce linkages
between nuclear structure and aberrant tran-
scriptional control. These observations provide
an opportunity to develop high resolution in
situ immunofluorescence analysis to diagnose
and stage leukemias as well as to monitor remis-
sion, relapse, and effectiveness of treatment.

Reflecting alterations in nuclear organiza-
tion that are the hallmarks of cancer cells, the

gene locus encoding the CBFa2/AML-1 tran-
scription factor is frequently the target of chro-
mosomal translocations in human leukemia.
Mapping of the nuclear matrix targeting signal
to exon 8 reveals that this domain is not pres-
ent in the t(8;21) fusion protein (AML-1/ETO),
but is replaced by sequences from the MTG8
gene [Hiebert et al., 1996]. Thus, intranuclear
targeting of the AML-1B transcription factor
may be abrogated because of gene rearrange-
ments in leukemic cells. Fidelity of transcrip-
tional control may involve localization of gene
regulatory proteins to the correct subnuclear
region. PML bodies are another example of

Fig. 3. CBFA2/AML-1B is directed to transcription-
ally active nuclear foci which contain the hyperphos-
phorylated form of RNA polymerase II (pol II0). A,B.
Colocalization of a subset of AML-1B with RNA pol
II0 in the nuclear matrix of human SAOS-2 osteosar-
coma cells. The images were obtained by immunoflu-
orescence microscopy using antibodies against
AML-1B (green) and RNA pol II0 (red), while colocal-
ization is reflected by yellow signals. Immunofluores-
cence signals were recorded using standard 35 mm
slide photography (A) or a CCD camera interfaced
with a digital microscope system (B). Color plate on
page 324.
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nuclear structures that are associated with the
nuclear matrix and modified in leukemia cells
[Dyck et al., 1994]. In normal cells the PML
protein resides in discrete PML bodies. How-
ever, in promyelocytic leukemic cells the PML
protein is genetically rearranged and dispersed
throughout the nucleus [Dyck et al., 1994; Weis
et al., 1994]. A further example of chromosomal
translocations involving a locus encoding a
nuclear matrix-associated transcription factor
occurs in acute lymphocytic leukemia (ALL/
MLL). Recently, a translocation has been de-
scribed in which the ALL/MLL protein is fused
with a histone acetyltransferase. The chimeric
protein may promote leukemia by modifying
histone acetylation of specific genomic regions.
Consequential modifications in the intranuclear
distribution of factors encoded by the rear-
ranged ALL locus occur [Sobulo et al., 1997;
Yano et al., 1997; Rogaia et al., 1997] while the
chimeric transcription factors remain nuclear
matrix associated. Hence, these results suggest
that perturbations in subnuclear location and/or
nuclear matrix association of proteins may be
related to modifications in gene expression that
are linked to leukemias.

Perturbations in nuclear organization that
may impact on gene expression are not confined
to cancer cells. Skinner et al. [1997] recently
reported perturbations in the subnuclear distri-
bution of ataxin-1 in spinocerebellar ataxia type
1. These investigators demonstrated that this
neurological disorder which is characterized by
progressive motor deterioration and loss of cer-
ebellar purkinje cells involves a dramatic modi-
fication in the nuclear localization of ataxin-1.
Because ataxin-1 is nuclear matrix associated,
it is reasonable to anticipate that the pathogen-
esis of spinocerebellar ataxia involves the dis-
ruption of a nuclear matrix domain.

CONCLUSIONS

Multiple lines of evidence suggest that compo-
nents of nuclear architecture contribute both
structurally and enzymatically to control of gene
expression. Sequences have been identified that
direct transcription factors to nuclear matrix-
associated sites which support transcription.
Insight is thereby provided into mechanisms
linked to the assembly and activities of sub-
nuclear domains where transcription occurs. In
a restricted sense, the foundation has been
provided for experimentally addressing intra-
nuclear trafficking of gene regulatory factors
and control of factor association with the nuclear

matrix to establish and sustain domains which
are competent for transcription. The unique
sequences [Zeng et al., 1997, 1998] and crystal
structure for the 31 amino acid nuclear matrix
targeting signal of CBF/AML transcription fac-
tors [Tang et al., 1998] supports specificity for
localization at intranuclear sites where the ma-
chinery for gene expression is assembled, ren-
dered operative and/or suppressed. In a broader
context, there is growing appreciation for in-
volvement of nuclear architecture in a dynamic
and bidirectional exchange of gene transcripts
and regulatory factors between the nucleus and
cytoplasm, as well as between regions and struc-
tures within the nucleus [Wei et al., 1998;
Lamond and Earnshaw, 1998].

It is difficult to arbitrarily separate nuclear
structure and function or distinguish the regu-
lated and regulatory parameters of control. The
challenges we now face are to further define the
targeting of transcription factors and control
which reside at the level of nuclear matrix-
associated acceptor sites. The result will un-
questionably be further insight into fundamen-
tal processes which are involved with directing
components of gene expression to specific re-
gions within the nucleus. It would be presump-
tuous to propose a single model to account for
the specific pathways which direct transcrip-
tion factors to sites within the nucleus that
support transcription. However, findings sug-
gest that parameters of nuclear architecture
functionally interface with components of tran-
scriptional control (Fig. 4). The involvement of
nuclear matrix-associated transcription factors
with recruitment of regulatory components to
modulate transcription remains to be defined.
However, working models are presented in Fig-
ure 4 which serve as a framework for experimen-
tally addressing components of transcriptional
control within the context of nuclear architec-
ture. The diversity of targeting signals must be
established to evaluate the extent to which
regulatory discrimination is mediated by en-
coded intranuclear trafficking signals. It will
additionally be important to biochemically and
mechanistically define the checkpoints which
are operative during subnuclear distribution of
regulatory factors and the editing steps which
are invoked to ensure both structural and func-
tional fidelity of nuclear domains where replica-
tion and expression of genes occur. There is
emerging recognition that placement of regula-
tory components of gene expression must be
temporally and spatially coordinated to medi-
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ate biological control optimally. The conse-
quences of breaches in nuclear structure-func-
tion interrelationships are observed in an
expanding series of diseases, providing options
for high resolution diagnosis and targeted
therapy.
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