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Remembering the Cell Fate During
Cellular Differentiation
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Abstract Higher eukaryote contains several hundreds of different cell types, each with a distinctive set of property
defined by a unique gene expression pattern, even though every cell (with minor exception) shares the common genome.
During cellular differentiation, the committed gene expression pattern is set up and propagated through numerous cell
divisions. Therefore, cells must have evolved some elegant and inherent mechanisms to remember their expression states
for the requirement of the stability of differentiation and development. Here we speculate a hypothetically cellular
memorymechanism. In this hypothesis, the cell–cell variation during cellular differentiationmay result from the inherent
stochastic gene expression. The evolutionof histoneanddistant regulatory sequences change theparameters of expression
stochasticity. S-phase-dependent gene activation and epigenetic marks on chromatin provide means to discriminate
transcriptionally active and repressive states. Eventually, mitotic memory mechanisms have been developed through
which these expression states are transmitted through numerous cell divisions. J. Cell. Biochem. 96: 962–970, 2005.
� 2005 Wiley-Liss, Inc.
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Cellular differentiation is achieved through
selective gene expression that means switching
on a relatively small number of genes and
switching off a relatively large fraction of genes
in a cell. Meanwhile, in order to reach the
fixation of the differentiation direction and the
progress of the programmed development, cells
must remember who they are. Early on the
development, totipotent embryonic cells can
produce a wide range of cell types. But this
potentiality becomes less and less with the
proceeding of development. Reprogramming
the development is difficult and problematic

[Reik et al., 2001],which is due to that cells have
remembered their fate. Generating the differ-
ent gene expression states and fixing them are
pivotal processes during differentiation of mul-
ticellular organisms. In most situations, cells
carry the same set of genetic material, the
genomic DNA, during their entire life, and thus
epigenetic information including nucleosome
structure, regulatory elements and the interac-
tions among DNA, histones and non-histone
protein factors, may account for cell memory
mechanisms during cellular differentiation.

In this review, we propose a hypothesis to
explain cellular memory of higher eukaryotes.
In this hypothesis, the cell–cell variation dur-
ing cellular differentiation may result from the
inherent stochastic gene expression. The evo-
lution of histone and the distant regulatory
elements change the parameters of expression
stochasticity. S-phase-dependent gene activa-
tion and epigeneticmarks on chromatin provide
means to discriminate transcriptionally active
and repressive states. Eventually,mitoticmem-
ory mechanisms have been developed through
which these expression states are transmitted
through numerous cell divisions.
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STOCHASTIC GENE EXPRESSION AND THE
PROGRAMMED CELLULAR DIFFERENTIATION

The evidences from substantial experimental
studies on gene expression at single-cell level
suggested that the stochasticity is an inherent
nature of gene expression. Theoretical analysis
implies that the stochastic effects on gene
expression can explain a large amount of cell–
cell variations observed in isogenic populations
[Spudich and Koshland, 1976; McAdams and
Arkin, 1997]. The direct experimental evi-
dences have been obtained from two bacterial
systems [Elowitz et al., 2002; Ozbudak et al.,
2002]. Blake et al. also showed that in Sacchar-
omyces cerevisiae transcriptional stochasticity
contributes to the levels of heterogeneity within
a eukaryotic clonal population [Blake et al.,
2003]. Increasing noise in the transcription of a
regulatory protein could result in the increased
cell–cell variability in the target gene output
[Paszek et al., 2005]. These results implied that,
by building the initial asymmetries that are
amplified by feedback, the stochastic expression
could function in such processes as cellular
differentiation and monoallelic expression. A
considerable body of evidences from hematopoi-
esis gave a strong support on this conception.
Cellular differentiation involves two pro-

cesses: selectively turning on just a subset of
genes and non-coding RNAs, and (selectively
and/or universally) turning off the others.
Stochastic expression may lead to the genera-
tion of cell–cell variations in multicellular
organisms. However, a central problem for the
development of multicellular organisms is how
to maintain the stability of the specific cell
types. Muller-Sieburg et al. traced the behavior
of individual, clonally derived HSCs through
long-term, serial repopulation experiments, and
found that daughter HSCs derived from indivi-
dual clones are remarkably similar to eachother
in the extent and kinetics of repopulation.
Moreover, daughter HSCs within a clone can
give equivalent contributions to the myeloid
or lymphoid lineages differentiation [Muller-
Sieburg et al., 2002]. Thus, the differentiation of
cell types from HSCs in adult bone marrow is
largely predetermined. Stem cell heterogeneity
is generated earlier in development, perhaps
when stem cells seed to the bonemarrow during
development, suggesting that intrinsicmechan-
isms can preprogram the behavior of hemato-
poietic stem cells (HSCs).

The studies on a- and b-globin genes further
suggest that there are certain mechanisms in
higher eukaryotic cells throughwhich the stoch-
astic expression patterns can be fixed during
cell differentiation. Although a- and b-globin
keep in tightly balance, their expression pat-
terns are consistentwith the prediction of stoch-
astic mode [Wijgerde et al., 1995; Trimborn
et al., 1999]. de Krom et al. depicted a detailed
characteristic of mouse globin expression pat-
terns in the nucleus and cytoplasm of single
erythroid cell. The analysis revealed that a
significant proportion of erythroid cells, both in
nucleus and cytoplasm, exhibit an imbalance of
2a- versus 2b-globin gene expression and show
the stochastic combination patterns, which are
established prior to transcriptional activation.
More importantly, both active and repressive
expression states are clonally inherited [de
Krom et al., 2002]. These inherited stochastic
patterns could not be explained simply by
the randomness of molecular encounters or the
fluctuation in the transitions between the con-
formational states of a macromolecule, or the
amplification of feedback loops of transcription
factor network. The globin genes are expressed
in terminal committed cells and play no role in
cell lineage commitment decisions. And in fact
imbalanced expression of a- and b-globin genes
has both functional and selective disadvantage.
So this inherited stochasticity may reflect an
inherent nature of cellular differentiation. It
also implies that the differentiated cells have
developed some important mechanisms to
remember both active and repressive expres-
sion states.

REPLICATION-DEPENDENT GENE ACTIVATION,
ESPECIALLY LONG-RANGE ACTIVATION AND

CELLULAR DIFFERENTIATION

In yeast, no correlationwas observed between
replication timing and transcriptional activity
[Raghuraman et al., 2001], whereas the obvious
correlation between them was obtained in
Drosophila [Schubeler et al., 2002]. More likely,
the replication-dependent (RD) transcription
may be correlated with cellular differentiation
of higher eukaryotes. The compelling evidences
suggested that S-phase is a critical period not
only for the maintenance of the repressive
heterochromatin state but also for the establish-
ment of transcriptional competence in higher
eukaryotes. The inheritance of the repressive
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chromatin state during cell cycle can be achi-
eved through a replication-coupled nucleosome
assembly pathway and it is correlated with
multiply self-reinforced mechanisms concerned
to histone modification, DNA methylation, and
some heterochromatin proteins. This process
has been well discussed in several reviews
[Richards and Elgin, 2002; Vermaak et al.,
2003].

More and more evidences are being accumu-
lated to explain the effects of replication on
transcription. A common characteristic ofmany
species during the early development is to
experience a period of general non-permissive
state of gene expression that is initiated at the
end of gametogenesis and lasts until the zygotic
gene activation (ZGA). ZGA occurs at the end of
the first cell cycle, upon the completion of DNA
replication, with which embryonic control of
gene expression begins. The detailed studies at
this very beginning stage revealed that 1-cell
embryos are able to utilize enhancer-responsive
promoters efficiently without an enhancer,
whereas 2-cell embryos require an enhancer to
achieve the same levels of gene expression
[Majumder et al., 1993]. Moreover, the long-
range activation of enhancer appears to depend
onDNA replication. Forlani et al. demonstrated
that, in both microinjection and transgene
analysis, the gene activation by proximally
inserted enhancer is present in early-arrested
1-cell embryos, a time at which the major ZGA
has not occurred yet. However, in the same
embryos, the long-range activation from the
same distantly placed enhancer is not observed
[Forlani et al., 1998]. Hence, it was proposed
that the purpose of the transcriptional repres-
sion in the 1-cell mouse embryo is to delay
cellular differentiation until the appropriate
stage. At the 2-cell stage, some genes would
acquire both the permissive transcription state
and the concomitantly distant enhancing effect,
and these events would depend on the passage
of DNA replication. Recently, Fisher et al. pro-
vided another direct evidence for the require-
ment of DNA replication for the expression of
vertebrate HoxB genes. They investigated Hox
gene activation in two vertebrate systems-the
embryogenesis ofXenopus and the retinoic acid-
induced differentiation of pluripotent mouse
P19 cells. The results showed that the first cell
cycle following the midblastula transition in
Xenopus and retinoic acid induction is neces-
sary and sufficient forHoxBactivation,whereas

the succeeding cell cycles are necessary for
maintaining the correct expression state
[Fisher andMechali, 2003]. Therefore, RD gene
activation, particularly long-range activation,
during development progress, especially at the
very beginning stage of the development, may
be closely related to cellular differentiation.

Distant regulatory elements seem to be a
unique phenomenon in higher eukaryotes. For
example, cellular differentiation in yeast is
slight and most of its genes are constantly in
the active state. Correspondingly, the yeast
lacks the distal regulatory sequences within its
genome. The regulatory sequences of the yeast
are often located about a fewhundred base pairs
upstream gene promoters, which are called
upstream activation sequences (UASs) [Martin,
2001]. But in higher eukaryotic genomes the
distal regulatory sequences appear frequently,
spreading over the genome even in the area of
gene deserts. And they are located so far away
from the regulated genes, in some casesworking
over from several tens to several hundreds even
thousands kilobases [Nobrega et al., 2003; Spitz
et al., 2003]. Moreover, the distal regulatory
action is often associated with tissue- or devel-
opment-specific genes, suggesting that the
evolution of the distant regulatory sequences
may be accommodated to the requirement of
cellular differentiation. Therefore, the distant
regulatory sequences of higher eukaryotes may
provide another way to affect the transcription
stochasticity and fix the cell fate.

Recent studies suggested that the looping
mechanism might be an important mechanism
for the long-range activation [Bulger and
Groudine, 2002; Palstra et al., 2003; Eivazova
and Aune, 2004; Murrell et al., 2004], though it
still needs testing more gene loci. However, it
brings about another problem-how can a distal
regulatory element contact with the gene
promoter over a long distance? RD transcrip-
tional activation may provide a solution. It has
long been suggested that DNA polymerases are
immobilized by attaching to the large archi-
tecture, where they reel their templates and
extrude newly synthesized DNA strand [Cook,
1999]. This replication model gives an opportu-
nity for physically tethering the distant sepa-
ratedelementstogether.Transcriptional factors
and structural proteins will bind to the new
synthesized regulatory element easily, then
trap the following synthesized regulatory ele-
ment and gene promoter, and then they are
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self-organized into a huge framework. The
different transcriptionunits located over a large
chromatin region could assemble transcription
complex within this framework and form a
transcriptional factory. It has been observed
that transcription in nuclei is proceeding in
some specific localized sites, and that each site-a
transcription factory contains 8–15 different
polymerase II transcription units and�5 differ-
ent polymerase III transcription units, respec-
tively. Transcription complex is a huge and
sophisticated complex containing factors not
only involved in transcription but also pre-
mRNA processing, DNA repair and replication
[Jackson et al., 1998; Pombo et al., 1999;
Szentirmay and Sawadogo, 2000]. The assem-
bling of the complex is highly dynamic [Misteli,
2001; Dundr et al., 2002; Kraus and Lis, 2003],
and so attaching the transcription units to a
large and relatively stable framework will dra-
matically increase the transcription efficiency.
If the clustered transcription units are condu-
cive to transcription regulation, their localized
arrangement may be conserved on genome and
even the functionally unrelated transcription
units could be colocalized in nuclei. By genome-
wide gene expression profile studies in human,
Drosophila, and C. eleganshave [Lercher et al.,
2002; Roy et al., 2002; Spellman and Rubin,
2002], the discoveries of many clustered gene
orders have given much support for the above
prediction. The recently observed phenomena
that the clustered active genes and even the
unrelated active genes dynamically colocalize to
the shared sites of ongoing transcription also
give some evidences for the above prediction
(our unpublished data) [Osborne et al., 2004].

HISTONE H3 VARIANT UNDERLIES
GENE EXPRESSION STATES DURING

CELLULAR DIFFERENTIATION

Nucleosome, as structural unit of eukaryotic
chromatin, contains two molecules of each of
proteins–H2A, H2B, H3, and H4 forming an
octamer particle around which 146 basepairs
of DNA are wrapped. The linker or H1 class
histone binds to the octamer near the point
where DNA enters and exits the nucleosome
and associates with linker DNA between nu-
cleosomes to stabilize higher order chromatin
structure. Although histones are among the
most highly conserved proteins in terms of both
structure and sequence, there still exist histone

subtypes with the possible exception of histone
H4.

A recent analysis has proved that thehistones
of higher eukaryote might evolved from a
replication-independent (RI)-like H3 variant
gene [Rooney et al., 2002]. All ascomycetes
including yeasts and molds carry only one kind
of histone H3 that belongs to RI-like H3.3-like
histone [Baxevanis and Landsman, 1998]. This
is because cell differentiation of yeast is slight,
and so its heterochromatin is scarce. If so, RD-
like H3 is indispensable for higher eukaryotic
organisms and may contribute to the silencing
of majority of genes in terminally differentiated
cells, and its copy numbers will be in line with
eukaryotic complexity. This also indicates that
the occurrence of RI-like histone variants may
affect transcription stochasticity and discrimi-
nate the different expression states for the
cellular differentiation of higher eukaryotes.

The increasing evidences have been obtained
to reveal the roles of histone variants in the
maintenance of gene expression states. In
Tetrahymena thermophila, there are two kinds
of nucleus: micronucleus and macronucleus.
Although these two nuclei have similar genetic
components, only genes in the macronucleus
are expressed in vegetative cells. Macronucleus
contains two core histone variants called hv1
and hv2, which are present at about 15–20% of
the amount ofmajor core histone and are absent
in micronucleus of vegetative cells [Allis et al.,
1980]. The hv1 is a H2A variant that is
consistent with the conserved H2A.Z variants
found in multicellular eukaryotes. The hv2 is a
H3.3-like replacement variant. It is synthesized
and deposited in themacronuclei of nongrowing
aswell as growing cells in a RImanner [Bannon
et al., 1983]. Waterborg found that histone
acetylation and H3-K4 methylation, the marks
of active chromatin state, are enriched in the
alfalfa variantH3.2, whereH3-K9methylation,
the mark of repressive chromatin state, is
found primarily in the major form of H3-H3.1
[Waterborg, 1990]. These evidences hint that
histone variants may play a certain important
role in establishing and maintaining the differ-
ent expression states during differentiation.

By using GFP-tagged versions of H3.3 and
H3, it was proved that in Drosophila cells H3.3
is deposited at transcriptionally active euchro-
matic regions by RI pattern, while the major
H3 is strictly incorporated into DNA during
replication [Ahmad and Henikoff, 2002]. An
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investigation of the distribution of H3.3 at
Drosophila polytene chromosome revealed
that H3.3 is enriched in all active chromatin
and throughout larger transcription units
[Schwartz and Ahmad, 2005]. Quantifying the
relative abundance of histone modifications in
H3 and H3.3 in Drosophila showed that tran-
scriptionally active marks, such as di and
trimethylation of H3-K4 and acetylation of H3-
K9, 14, 18, and 23, are enriched inH3.3 variant.
In contrast, H3-K9 dimethylation, the mark
of the repressed genes, is enriched in H3
[McKittrick et al., 2004; Schubeler et al.,
2004]. Based on these results, a nucleosome
dynamic model has been proposed to explain
the effects of chromatin dynamic structure
on transcriptional regulation [Workman and
Abmayr, 2004]. This model emphasizes that the
difference of histone categories plays an impor-
tant role in gene regulation.

It has long been noticed that transcription
and DNA replication might be mechanistically
linked in eukaryotic cells. Housekeeping genes
undergo replication in the first half of S phase in
all cell types, whereas the replication of many
tissue specific genes, which are developmen-
tally controlled, is late in most tissues but early
in the expressed tissue during S phase. Maybe
the cell cycle-related histone incorporation
provides a possible pathway to determine and
maintain the cell fate. In single-cell microinjec-
tion experiments, reporter genes that were
injected into early-S-phase nuclei, carrying
either housekeeping promoter or tissue-specific
promoter, are almost ten-fold transcriptionally
active than the same genes injected into late-S-
phasenuclei. Strikingly, once established, these
transcriptional states remain stable during the
successive cell cycles. Chromatin immunopre-
cipitation (ChIP) analysis showed that early-
injected DNA is packaged into chromatin that
contains hyperacetylated histones, whereas
late-injected templates are hypoacetylated
[Zhang et al., 2002]. As is known, H3.3 is
hyperacetylated [McKittrick et al., 2004] and
the expression of H3 will peak after middle S-
phase [van der Meijden et al., 2002]. The study
also demonstrated that these two distinct
deposition pathways are mediated by the dis-
tinct histone chaperones-CAF-1 and HIRA,
which are contained in H3.1 and H3.3 com-
plexes, respectively [Tagami et al., 2004]. So it is
likely that the real reason for the inheritance of
different expression states is that template

chromatin contains H3.3 in early-S phase, but
H3 in late-S phase. These distinct histones
mediated by different disposition pathways can
be transmitted through cell division and thus
H3.3 variantmay function as an activemark for
the reactivation of active genes in the next G1
phase. The latest discoveries about the depen-
dence of the deposition and removal of H3.3 on
transcription activation and its deposition on
transcribed genes suggest it may underlie the
active state of gene expression [Chow et al.,
2005; Schwartz and Ahmad, 2005].

M-PHASE: REMEMBERING THE CELL FATE

The inheritance of stochastic expression
pattern ofa-like and b-like globin genes through
numerous cell divisions [de Krom et al., 2002],
the maintenance of active state of HoxB genes
after the S-phase-dependent activation during
the proceeding cell cycles [Fisher and Mechali,
2003], and the fact that reporter genes injected
in early or late-S-phase can remember their
active or repressive states in the following cell
cycles [Zhang et al., 2002] hint that cells can
remain certain information of their expression
states in inactively mitotic chromosomes and
transmit them intonext generation, rather than
rebuilding gene expression patterns start from
scratch in everyG1phase.Duringdevelopment,
both stem cells and differentiated cells will
undergo many rounds of cell cycles. In each cell
cycle, leaving their epigenetic information in
mitotic chromosomes may be a key process to
remember the cell fate.

The inheritance of the repressive chromatin
state during cell cycle can be achieved through
a replication-coupled nucleosome assembly
pathway. The duplicated epigenetic marks of
repressive heterochromatin state such as DNA
methylation and H3-K9 methylatin can be
equally distributed into progeny cells through
cell division. However, the mechanisms of
remembering the active gene expression state
during cell division have less been noticed.

Building the transcriptionally active state is
a step-wise process during development. By
studying two model systems-chicken lysozyme
and b-globin gene clusters, it was found that
theyhave acquired potentially active chromatin
configuration prior to final activation [Forrester
et al., 1989; Jimenez et al., 1992; Kontaraki
et al., 2000]. The erythroid-specific hypersensi-
tive sites (HSs) located in locus control region
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(LCR) of b-globin gene cluster have appeared
in three independent multilineage progenitor
cells. In erythroid progenitor cell, a pre-ACH
(active chromatin hub) substructure has
already come into being among 50HS-60/-62,
30HS1 and HSs at 50 portion of the LCR [Palstra
et al., 2003]. Some active epigenetic marks such
as histone hyperacetylation and H3-K4, K79
methylations have appeared at both regulatory
elements and promoters of transcriptionally
competent globin genes (our unpublished data).
Coupling with the recruitment of diverse tran-
scription factors and the formation of active
histone code at transcripitonally active regions,
the genes will be fully activated. But how does
the epigenetic information, marking active
transcription, mediate the maintenance of
active expression state during cell division?
The recent advances give much of understand-
ing for it.
It has been noticed that some HSs, once

formed, can be propagated through cell divi-
sion, suggesting an inheritable mechanism
[Weintraub, 1985]. The direct evidences come
from the finding that both DNase I hypersensi-
tivity sites and KmnO4 HSs of certain active
genes in interphase cells can be detected on
mitotic chromosomes [Michelotti et al., 1997],
suggesting that there exist some molecular
memory marks on mitotic chromatin to main-
tain the previously active expression state. The
latest advances validate this speculation. The
comparative chromatin immnoprecipitation
(ChIP) analysis revealed that the localized
active histone modifications including acetyla-
tion at H3 and H4, di- and tri-methylation at
H3-K4 and di-methylation at H3-K79 at distant
regulatory elements and potentially or comple-
tely active genes persist when transcription is
inactivated during mitosis (our unpublished
data) [Kouskouti and Talianidis, 2005]. These
results testify one kind of cellular memory
mechanism during cell division through which
the previously active expression state can be
marked on mitotic chromatin in spite of trans-
criptionhalt duringmitosis. The reservedactive
histone modifications also provide a surface for
thebinding ofhistonemodification enzymesand
chromatin remodeling complex at mitotic exit
[Chow et al., 2005], which is in favor of the rapid
resumption of a large number of genes at onset
of next cell cycle.
Using ChIP assay, Christova, and Oelges-

chlager examined the association of TFIID,

TFIIB, NC2, and RNA polymerase II with
diverse gene promoters in asynchronous cells
and synchronous mitotic cells. They found that
TFIID and TFIIB remain associated with active
gene promoters during mitosis to serve as a
molecular bookmarking, whereas RNA poly-
merase II and NC2 are displaced [Christova
and Oelgeschlager, 2002]. In addition, one
erythroid-specific factor-NF-E2 is also detected
on mitotic chromatin (our unpublished data).
Whydo the condensed chromosomes contain the
above transcription factors besides active epi-
genetic marks in spite that almost all other
transcription factors are displaced from M-
phase chromosomes? In order to maintain the
stability of differentiated cell types, the mitotic
cells not only leave the imprint of previously
active state but also facilitate the transcription
reactivation after mitosis. The reservation of
TFIID, as a transcription factor firstly interact-
ing with gene promoter and then recruiting
other basal transcription factors in trans-
cription, is an economical means to resume
the transcription. The active histone modifica-
tions including H3 and H4 acetylation, H3-K4
di- or tri-methylation will restore their levels at
mitotic exit [Chow et al., 2005]. For globin
genes, the retained NF-E2 may direct the
restoration of histone acetylation at potentially
active globin gene loci since it can recruit
coactivator CBP with histone acetyltransferase
activity [Francastel et al., 2001]. So it is worth
further probing whether there are a series of
specific transcription factors onmitotic chromo-
somes with the common functional features to
recruit other coactivators or corepressors at
mitotic exit since almost all basal transcription
factors and coactivators such as histone mod-
ification enzymes and chromatin remodeling
complex are abrogated from mitotic chromo-
somes [Gottesfeld and Forbes, 1997; Kruhlak
et al., 2001; Chow et al., 2005].

According to the above results, we postulate
that highly condensed mitotic chromosomes
may reserve some active chromatin framework
information through higher order organization.
Since so many epigenetic information such as
active histone modifications, histone variant
H3.3, certain trans-acting factors (not only
general transcription factors but also tissue- or
development-specific transcription factors),
and maybe certain skeleton factors that are
contained in both transcription factory and
chromosome matrix, are remained in mitotic
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chromosomes, these marks may constitute
a unique 3-dimensional chromatin structure
containing previously active chromatin confor-
mation.

Although this hypothesis is presumable,
recently more and more informations are
being accumulated to reveal a general mecha-
nism of mitotic inheritance. The binding of
TATA binding protein (TBP) to the promoter is
a rate-limiting step in transcription regulation
for all three eukaryotic RNApolymerases since
it is chosen as a protein firstly binding to gene
promoter in transcription. It has been observed
that GFP-tagged TBP could be constantly
associated with mitotic chromosomes [Chen
et al., 2002]. Runx (Cbfa/AML) proteins are
tissue-specific transcription factors that con-
trol hematopoietic and osteogenic lineage
commitment [Lund and van Lohuizen, 2002].
Runx factors can bind to the specific sites on the
genome, and are target to transcriptionally
active subnculear foci. They may be necessary
to maintain chromatin architecture of target
genes in the interphase nuclei. Its level
persists through the proliferation of the line-
age-committed cells. Such developmental spe-
cific transcription factors undergo progressive
changes in cellular localization during mitosis
while retaining a punctate distribution, and
they also experience a spatiotemporal redis-
tribution that results in equal partitioning of
the proteins into each of the progeny nuclei
[Zaidi et al., 2003]. By the dynamic analysis of
mitotic chromatin, it was found that mitotic
chromosomes in general and ribosomal genes
in particular, although highly condensed, are
accessible to transcription factors and chroma-
tin proteins and the exchange of these proteins
are continuously proceeding [Chen et al.,
2005]. Therefore, we can speculate that at least
the partial skeleton structure of the transcrip-
tion factory may be contained in the mitotic
chromosome as the part of chromosome
matrix since mitotic chromosomes reamin so
many information of active transcription.
This arrangement will lead to a similar global
position pattern of chromosomes in nucleus,
which can be inherited from one cell gene-
ration to the next. And this phenomenon
has been observed [Gerlich et al., 2003]. So
it is interesting to test whether the spatial
vicinity relationship of active chromatin struc-
ture could be conserved in mitotic chromo-
somes.
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