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1.  ABSTRACT

Since the original description of the gene
encoding apolipoprotein AI (apoAI) considerable progress
has been made in identifying the regulatory regions and
corresponding transcription factors that regulate its
transcription in liver and intestinal cells. Nuclear receptors
(in particular HNF-4) have emerged as the dominant
(although by no means the exclusive) transcriptional
activators that drive high levels of apoAI gene expression.
In this review, some of the mechanisms (including
interactions with recently described coactivators, as well as
synergism with additional transcription factors bound to
proximal and distal enhancers) that may underlie this
process are discussed. Furthermore, apoAI gene expression
has long been known to be subject to a variety of
developmental, hormonal, dietary and pharmacological
stimuli. The review thus also describes selected examples
of these phenomena with the aim of highlighting how the
operative transcriptional mechanisms are likely to be
continually modified while maintaining the appropriate
output.

2.  INTRODUCTION

Apolipoprotein AI (apoAI) is the major protein
component of plasma high density lipoprotein (HDL) (1-3).
Consistent with epidemiological and genetic studies
(including direct analyses of transgenic animals (4)), as
well as many of its physical-chemical characteristics,
plasma HDL levels of apoAI are inversely correlated with
atherosclerosis (3). A primary role for apoAI is to promote
cholesterol and phospholipid efflux from peripheral tissues
as part of reverse cholesterol transport to the liver (3).
Other aspects of apoAI physiology, such as a potential anti-
inflammatory role (5), also may contribute to its overall
cardioprotective effects.

The gene encoding mammalian apoAI is
predominantly expressed in the liver and intestine.
Although this gene is expressed at constitutively high levels
that result in serum concentrations of apoAI of up to 14
mg/ml, it is subject to regulation (at the level of
transcription) in response to a variety of pharmacological,
dietary and physiological stimuli (3) (discussed further
below). Given the critical importance of apoAI to human
health and disease, and the associated need to understand
how it is controlled at the transcriptional level, substantial
progress has been made in describing the
phenomenological aspects of this process. The present
review summarizes these developments and attempts to put
them in a broader perspective relative to other major
advances in understanding transcriptional regulation in
general. It summarizes various protein-DNA and protein-
protein interactions that have been described to date as
being responsible for apoAI gene expression and,
importantly, emphasizes the dynamic nature of these
interactions. The focus is primarily on apoAI expression in
liver cells as corresponding analyses in intestinal cells are
lagging. Furthermore, in as much as the recent discovery of
novel transcriptional cofactors (6-8) has ushered in a new
phase of investigation into model gene systems, the review
also identifies future areas of research that might be useful
toward obtaining a more complete view of the
transcriptional controls prevailing at the apoAI gene.

3.  GENERAL TRANSCRIPTION MECHANISMS

Current models view tissue-specific and
developmental expression of RNA polymerase II (Pol II)-
transcribed protein-encoding genes in eukaryotes as
occurring via multiprotein complexes assembled on
enhancer and core promoter sequences (9). In general, the
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Figure 1. Organization of the apoAI gene. A: Schematic
drawing showing the relative location of the apoAI gene
relative to others in the cluster. Cross-hatched boxes
indicate the identified regions, which contain binding sites
for distinct transcription factors, both promoter-proximal
and promoter-distal, that control individual genes in the
cluster either on their own, or in synergy with each other.
The locations and sizes of individual elements are not to
scale. Arrows mark the relative position and orientation of
the transcription start sites. B: Blow-up of the apoAI gene
liver-specific enhancer (also indicated in panel A) to show
some of the salient transcription factor binding sites (A,B,
C, and E1/E2). Some of the interacting factors are shown.
TATA indicates the TATA box, which together with the
initiation site (arrow), nucleates assembly of the
preinitiation complex containing Pol II, general
transcription factors (GTFs) and Mediator.

factors assembled at these sites represent two distinct
classes of transcription factors. Core promoter sequences
(consisting of various combinations of the TATA box,
initiator (Inr) and downstream proximal element (DPE))
(10) are recognized by Pol II-associated general
transcription factors (GTFs). These include TFIIA, TFIIB,
TFIID (which consists of the TATA box binding protein,
TBP, and its associated factors, TAFIIs), TFIIE, TFIIF, and
TFIIH (11, 12). These GTFs suffice for low (basal) level
transcription of essentially all genes, at least in vitro. The
second class of factors that typically bind to upstream
regulatory elements, or enhancer regions, display a much
greater degree of gene- and cell-type-dependent variability
(13). Indeed multiple factors of this second class may
regulate a given gene and impart on it a unique spatial and
temporal transcription program. (Note that these factors
include both activators and repressors but the emphasis
here will be on the former.)

Coactivators, members of an additional class of
transcription factors, have recently emerged as critical
players in the process that translates the regulatory potential
of enhancer-bound factors into enhanced activity of Pol II
(6-8). In the broadest terms, two groups of coactivators can
be described. The first includes TRAP/SMCC/Mediator
(hereafter referred to as Mediator), a recently described
multiprotein complex that is evolutionarily related to the
yeast SRB/Mediator complex (14, 15) and is required for
transcription from both DNA as well as more-physiological
chromatin templates (6, 7). Mediator is a multisubunit
complex, each of whose up to 25 constituent polypeptides

potentially can serve as a target for different transcriptional
activators. Indeed, since it appears that multiple activators
can simultaneously target Mediator (e.g. the thyroid
hormone receptor, TR, through the TRAP220 subunit and
the tumor suppressor protein, p53, through TRAP80), it has
also been proposed that this may contribute toward the
well-established phenomenon of transcriptional synergism
(7). Mediator has thus emerged as a central factor in
transcription control.

Another group of coactivators, which include the
various ATP-dependent chromatin remodeling complexes
(e.g. Swi/SNF (6)) as well as the histone acetyl tranferase
(HAT) activities (e.g. CBP/p300 and SRC-1 (16)) function
primarily from chromatin templates. More recently, histone
methylases also have been implicated in regulating gene
activity at this level (17). As discussed in further detail
below, a favored general model views the activator- and
coactivator-dependent transcriptional activation as a
sequential two-step process (7, 8, 18). In the first step,
chromatin coactivators, recruited by the enhancer-bound
transcription factors, may facilitate initial penetration of the
barrier imposed by chromatin. Subsequently, Mediator,
which also is recruited by the activators, could facilitate Pol
II and GTF recruitment leading to activated levels of
transcription.

4.  ORGANIZATION OF THE APOAI GENE AND
TRANSCRIPTION FACTORS INVOLVED IN ITS
TRANSCRIPTION

4.1. Proximal and distal regulatory elements that direct
apoAI gene expression

The apoAI gene is located within the genetically
and physically linked cluster that also contains the genes
encoding apoCIII and apoAIV, two other lipoproteins (19,
20) (Figure 1). Each of the genes of the cluster contains
regulatory elements for transcription factors that drive the
expression of the individual genes. At the same time, the
genes share regulatory features, which ensure some degree
of tandem control (21-23) (Figure 1A).

Multiple approaches (including deletion mapping
of the regulatory regions of the apoAI gene in cultured
hepatocytes (24-26) as well as in transgenic mice (27))
have identified a liver-specific enhancer located between
positions –220 and –110 relative to the transcription start
site. An additional region (between positions –595 to –
192), which partially overlaps with the liver-specific
enhancer, appears to control the intestine-specific
expression of apoAI mRNA (28). Indeed, more recent work
in carefully constructed wild-type and mutant lines of
transgenic mice has suggested that the distal enhancer of
the apoCIII gene may also play a significant modulatory
role in some contexts (29, 30). While the effects of the
distal apoCIII enhancer are most notable in the case of
intestinal expression of the apoAI gene, it also influences
apoAI gene transcription in hepatocytes to some extent (28,
30). Within the liver-specific enhancer, multiple
transcription factor binding sites (designated site A (-214 to
-192), site B (-169 to -146), and site C (-134 to 119)) have
been identified (Figure 1B). Further, mutational analysis
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revealed that maximal apoAI liver-specific enhancer
activity depends upon the integrity of each of the sites,
suggesting that synergistic interactions between these
factors and other components of the various transcription
complexes are responsible for apoAI gene expression (25,
31, 32).

Tissue specificity of many genes whose
expression is restricted to the liver is imparted by
combinatorial interactions between liver-enriched and
ubiquitous transcription factors (33, 34). Thus, sites A and
C serve as binding sites for many nuclear receptors (35-37)
(see also below). For example, site A binds the retinoid
receptors, RAR and RXRalpha the peroxisome proliferator
activated receptor (PPARalpha) and the orphan receptors,
ARP-1, COUP-TF1, and HNF-4. Of these, HNF-4, a liver-
and intestine-enriched transcription factor appears to be
primarily responsible for the maintenance-levels of apoAI
gene expression in hepatocytes. This has become
particularly evident from the detailed characterization of
mice in which the gene encoding HNF-4 has been knocked
out by homologous recombination (38, 39). Although this
results in embryonic lethality (38), use of tetraploid
embryos, which permits essentially normal fetal liver
development, indicated that apoAI expression is abolished
in hnf4-/- livers (39). Conversely, transgenic mice, which
have been engineered to express human apoAI under the
control of the various regulatory elements, were shown to
express reduced levels of this protein when a mutated
version of site A (which fails to bind HNF-4) was present
in the corresponding construct (30). Furthermore,
expression of apoAI in cultured hepatic and intestinal cells
was strongly down-regulated upon infection with an
adenovirus vector that delivered a dominant-negative
derivative of HNF-4 (40).

Site B binds FoxA/HNF-3beta also a hepatocyte-
enriched factor (31, 32) and, potentially also the ubiquitous
factors C/EBP and NFY (26, 41). Indeed, a subregion of the
liver-specific enhancer containing site A and site B retains
substantial enhancer activity in the hepatoblastoma cell line
HepG2 (32). Furthermore, in non-hepatic cells (such as CV-1)
supplementation with ectopic FoxA/HNF-3 and HNF-4 results
in efficient enhancer activity in a site B- and site A-dependent
manner (32). Together, these results have identified
FoxA/HNF-3 and HNF-4 as key players in the liver-specific
ground state expression of the apoAI gene. Intriguingly, many
liver-specific genes show this kind of a joint dependence on
FoxA/HNF-3 and HNF-4 for their expression (33, 34).

As discussed in further detail below, additional
layers of control appear to be superimposed on this basic
mechanism since the apoAI gene expression levels can be
modulated by other factors not normally required for routine
expression. This includes control through retinoids (via RXR
and site A, (37, 42)) as well as through Egr-1 (via additional
target sites located upstream of the enhancer) (43, 44) and as
indicated, C/EBP (potentially via site B) (26, 43). In this
regard, the substantial contribution of the HNF-4 binding site
located in the distal apoCIII enhancer must be noted (30).
Similarly, the Sp1 sites also located there have been
demonstrated to upregulate apoAI transcription (30). (The

functional analysis of an additional Sp1 site that overlaps
one of the Egr-1 sites (44) remains to be characterized.)

4.2. Transcriptional regulation by FoxA/HNF-3 and
HNF-4

As is characteristic of members of the
steroid/nuclear receptor superfamily, HNF-4 contains a
conserved DNA-binding domain (DBD, containing typical
zinc finger motifs) and an extended “ligand binding domain
(LBD)(45). The putative LBD contains the conserved
activation domain (AF-2) (46, 47). The corresponding
domain in several receptors has been implicated in
interactions with various coactivators (18) that include
Mediator (see below). That Mediator is in fact critical for
HNF-4 function (involving direct physical interactions
predominantly through the TRAP220 subunit) has also
been recently demonstrated (48). Therefore, in so far as
HNF-4 is a principal regulator of apoAI gene transcription,
these results also implicate Mediator in the expression of
this gene. (Whether HNF-4 contains an AF-1 activation
domain (typically found toward the N-terminal end of some
receptors) is presently controversial (46, 49). The C-
terminus of HNF-4 contains a proline-rich domain that is
dispensable for transcriptional activation per se (46) but
may play a modulatory role in some situations (50).)

Despite purported identification of a family of
small molecules that interact with HNF-4 (51), it remained
uncertain for some time whether HNF-4 is regulated by a
ligand. But a recent structural study (52) has found that
HNF-4 constitutively exists in the conformation that is
characteristic of active nuclear receptors and is in tight
association with lipids (a mixture of saturated and cis-
monounstaurated C14-C18 fatty acids) in lieu of a
conventional ligand. This is consistent with earlier
observations that mammalian HNF-4 is a potent activator
of transcription both in vitro (46, 48) and in most cell-types
(including S. cerevisae) that have been tested. This lack of
requirement for a conventional ligand also fits nicely with
the evolutionary antiquity of HNF-4 (53), which in turn argues
for its role as a primordial antecedent of nuclear receptors.

 FoxA/HNF-3 (including the alpha, beta and
gamma isoforms) is a liver-enriched transcription factor
that is involved in developmental and homeostatic control
of many liver-specific genes (54). Interestingly, the three-
dimensional winged-helix structure of FoxA/HNF-3
resembles a globular domain of the linker histone H5 (55),
leading to the suggestion, and preliminary indications, that
FoxA/HNF-3 may possess nucleosome binding properties
that favor the nucleation of an enhancer complex on
nucleosomal templates (56, 57). However, the precise
mechanism(s) by which HNF-4 activates transcription,
either on its own or in synergy with FoxA/HNF-3 (whether
on the apoAI gene or, for that matter, other liver-specific
genes), remains unknown.

4.3. Potential mechanisms for synergistic function of
FoxA/HNF-3 and HNF-4 at the apoAI liver-specific
enhancer

Based on the preceding background, it appears
that HNF-4, FoxA/HNF-3, chromatin modifying cofactors,
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Figure 2.Multistep model for the activation of the apoAI gene. As explained in the text, figure indicates a hypothetical pathway
for the onset of apoAI mRNA synthesis beginning with the quiescent apoAI gene situated in its presumed chromatin
environment. Putative nucleosomes cover both the binding sites for various activators as well as the transcription start site. In
step I, activators (FoxA/HNF-3 and HNF-4, shown as cross-hatched objects) bind to their cognate sites (speckled box) and
initiate the activation process. They recruit various chromatin modifying complexes (SSC: Swi/SNF complex; HAT: histone
acetyl transferase) which both remodel (reposition?) the nucleosomes as well as covalently modify (squiggly lines) the histones
(step II). This allows the components of the preinitiation complex (Mediator, Pol II, GTFs) to be recruited, likely via direct
interactions (arrows) of the enhancer-bound activators with distinct Mediator subunits (step III). Once in place, Pol II is able to
commence RNA synthesis. Note that for simplicity only signals emanating from the liver-specific enhancer are shown.
Nonetheless, activators bound to distal elements would also be expected to contribute at each of the steps, accounting for further
synergistic effects.

Mediator and the Pol II-associated basal transcription
machinery constitute the core of the mechanisms governing
steady-state apoAI transcription in liver cells. Several
models, incorporating current thinking on general gene
activation mechanisms, potentially could provide coherence
to these observations. First, both HNF-4 and FoxA/HNF-3,
acting as conventional activators initially cooperate
(synergistically) to recruit chromatin modifying
coactivators. This would result in localized alteration of the

chromatin structure, either via acetylation of the histone
tails or through more generalized ATP-dependent
remodeling of the nucleosomes. The resulting exposed
apoAI core promoter region would then be accessible to
Mediator, Pol II and the GTFs. Additional contributions
towards synergy could come from separate interactions of
HNF-4 and FoxA/HNF-3 with distinct Mediator subunits
(and/or with distinct GTFs) at the level of the exposed
DNA template (Figure 2).
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Alternatively, given the involvement of
FoxA/HNF-3 with chromatin (56, 57), this could be the
factor primarily responsible for penetrating the
chromatinized liver-specific enhancer (via its interaction
with site B). It could thus nucleate the putative
enhanceosome (below), and recruit critical chromatin-
modifying factors. This is only to say that FoxA/HNF-3
effects may be dominant; given that HNF-4 also has been
shown to physically and functionally interact with HATs
such as p300/CBP (48, 58), and GRIP-1 (59) its
contribution at the chromatin level cannot be overlooked.
Once the chromatin structure has been altered through the
action of FoxA/HNF-3, HNF-4 effects (via its interactions
with Mediator and GTFs (including TFIIB) could
predominate. This series of well-choreographed events
could also manifest as the observed synergism between
FoxA/HNF-3 and HNF-4. Nonetheless, overlapping models
that account for the observations summarized above may
also be constructed.

By analogy with other systems, it is likely that
FoxA/HNF-3 and HNF-4 assemble into a well-defined,
higher-order structure often termed the enhanceosome (60).
Thus, it remains to be determined how this nucleoprotein
assemblage is held together. However, typically, this
involves (in addition to the primary transcription factors
bound to their cognate sites on the template) architectural
proteins such as those belonging to the high mobility group
(HMG) (60). The net effect is the generation of a well-
defined nucleoprotein complex, which potentially
incorporates a number of signal-bearing transcription
factors and likely functions in a stereospecific fashion to
transduce their combined effects to the Pol II basal
transcription complex.

5. REGULATION OF APOAI GENE TRANSCRIPTION
IN RESPONSE TO VARIOUS STIMULI

While the above description entailing
FoxA/HNF-3 and HNF-4 may likely be applicable to the
maintenance-level expression of the apoAI gene in
hepatocytes, it also is apparent that the gene responds to a
wide range of developmental, hormonal and
pharmacological signals (21). However, only a few of the
original phenomenological findings have been studied at
the molecular level. In all likelihood, these responses entail
changes in the transcription factor makeup of the apoAI
enhancer, which, except as noted below, remain largely
uncharacterized.

5.1. Transcription factors involved in diverse responses
Historically, identification of ARP-1, a member

of the COUP-TF subfamily of orphan nuclear receptors
(35), as a protein that bound to site A of the apoAI liver-
specific enhancer, provided the first clues that apoAI gene
transcription may be under the control of nuclear receptors.
As summarized above, it quickly became apparent that
HNF-4 is primarily responsible for the steady state
expression of apoAI. Nonetheless, the observation that site
A can potentially interact with multiple members of the
nuclear receptor superfamily opened the way for
investigating the contribution of diverse factors. Note,

parenthetically, that site A apparently is a composite
binding site that consists of three half-sites of the consensus
nuclear receptor binding site; within site A, these are
arrayed in overlapping DR0 and DR1 configurations (25,
35).

Perhaps most notable among the factors
implicated in apoAI gene transcription by this line of
investigation was the receptor for retinoid X, or RXR (37).
Given that ARP-1 and RXR bind to the common site A, but
have opposite functional consequences – repression by
ARP-1 and activation by RXR – it was proposed that prior
repression by ARP-1 (and likely other COUP-TF family
members) is required for subsequent RXR-mediated
activation (42). Although this hypothesis is yet to be
rigorously tested, a very practical consequence of this
connection has been that it predicts a positive modulatory
effect of the RXR ligand, retinoid X (and perhaps of other
retinoids as well), on apoAI gene transcription. Indeed,
exposure of cultured primary hepatocytes to retinoids
resulted in elevated apoAI levels, although this has been
attributed, in part, to as-yet uncharacterized effects at the
post-transcriptional level (61). Nonetheless, targeted
inactivation of the RXRalpha gene in hepatic cells was
found to enhance apoAI gene transcription (62), possibly
reflecting a primary role of RXRalpha as a dimerization
partner of other nuclear receptors that appear to down-
regulate apoAI gene expression in rodents (see also below).

PPARalpha involvement in apoAI originally
became apparent from the observation that fibrates elevated
apoAI expression levels, including in transgenic mice
carrying the human apoAI gene and its regulatory
sequences (63, 64, and references therein). The ultimate
target of this large class of compounds is PPARalpha
(which also binds site A of the human apoAI gene)
although they do not represent the ligand per se for this
nuclear receptor. The species-specific response to fibrates
is noteworthy: in contrast to the situation in humans, rodent
apoAI gene activity is down-regulated by fibrates (63). It
appears that the three nucleotide difference in the site A
sequences of the human and rodent (rat) genes renders the
latter unable to bind PPARalpha in conjunction with
RXRalpha, its heterodimerization partner. This may be
because the rat regulatory region contains an additional site
for the orphan receptor Rev-erb near the TATA box, which
has negative effects on the transcription of the rat apoAI
gene (63).

Although there is some controversy surrounding
the issue, several studies (including epidemiological
correlations) have implicated estrogen (estradiol) in
regulating plasma HDL levels (65). For the most part,
estrogen is thought to have direct positive effects on apoAI
transcription levels in humans (66). Indeed, detailed
analysis (67) revealed that in cultured cells of human
hepatic origin, transcription of the apoAI gene was
significantly enhanced. This response could be narrowed
down to the –256 to +397 region of the apoAI gene (which
includes the liver-specific enhancer) even though there is
no discernable binding site (estrogen response element) for
the estrogen receptor (ER).
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On the other hand, animal studies (especially one
in which cynomolgus monkeys were administered ethinyl
estradiol (68)) have shown reduction in plasma apoAI and
corresponding HDL levels. Furthermore, exposure to
estrogen of a cell-line of hepatic origin, which has been
engineered to overexpress ERalpha, resulted in diminution
of apoAI gene transcription (69). Interestingly, this effect
was offset by supplying an excess of ectopic RIP140 (70),
which was originally isolated as a putative estrogen
receptor coactivator. Since this effect appeared to be
independent of detectable binding of ER to the apoAI liver-
specific enhancer DNA, it was proposed that ER-mediated
interference of apoAI transcription results from partitioning
away of common cofactors by ER (69). In the end,
however, it may well be that the effects of estrogen are
indirect (e.g. through the induction of an additional gene
product).

Perhaps the most dramatic transcriptional
response of the apoAI gene that has thus far been
documented involves the nephrotic syndrome (71).
Injection of transgenic mice carrying the human apoAI
gene under the control of the liver-specific enhancer with
nephrotoxic serum led to increased apoAI gene
transcription. Furthermore, consistent with a steep rise in
Egr-1 concentration (but not of HNF-4) in hepatic extracts,
an equivalent increase in apoAI gene expression was not
seen in mice with an Egr-1-/- background.

Curiously, it had earlier been observed that Egr-
1, which is only transiently expressed in certain
pathophysiologic states of the liver (44), regulates apoAI
transcription via specific cognate sites in the liver-specific
enhancer, which are distinct from transcription factor
binding sites discussed above (44). Unlike some other
transcription factors, Egr-1 was able to up-regulate apoAI
transcription regardless of the (presumptive) prevailing
transcription factor configuration at the enhancer (43, 44).
Thus, it was proposed that, by overriding preexisting
controls, Egr-1 provides a mechanism for sustained apoAI
expression during conditions of cellular stress such as those
prevailing during liver regeneration. In retrospect, the
newly uncovered role of Egr-1 in the nephrotic response of
the apoAI gene (71) may be another manifestation of this
phenomenon.

Reduction in apoAI gene expression may also
account, at least in part, for hypocholesterolemia that
accompanies an inflammatory reponse (72). Indeed,
cytokines, such as TNFalpha, IL-1 and IL-6, which are
believed to be mediators of inflammation, down-regulate
the expression of the apoAI gene (among others) in
cultured hepatic cells (72). Although at this point, the
precise molecular mechanism by which this may be
brought about remains unclear, it is likely that the relatively
recently described family of signal transducing
transcription factors called SMADs (73), which represent
the end-point of cytokine signaling pathways, play a role in
this process. Further insights may be derived by
considering the effects of the anti-inflammatory cytokine,
TGFbeta, on apoCIII gene expression (74). In this case,
HNF-4 is subject to direct interaction with activated

(phosphorylated) SMAD3 and SMAD4, which may lead,
albeit indirectly, to enhanced transcriptional activation even
though there are no cognate DNA binding sites for them in
this regulatory region. While no similar data are presently
available for the apoAI gene, by analogy with the apoCIII
gene, with which the apoAI gene is co-regulated (including
through HNF-4), a possible linkage with the SMAD
pathway can reasonably be anticipated.

5.2. Potential mechanisms underlying the changing
transcriptional responses of the apoAI gene

The above-cited examples of the transcriptional
responses of the apoAI gene serve to illustrate the dynamic
range of the regulatory apparatus governing apoAI gene
expression. While the present examples of stimuli that
impinge on the apoAI gene were selected because of the
availability of accompanying data that shed some light on
the underlying molecular mechanisms, it should be
emphasized that a detailed mechanistic understanding is far
from complete. Thus, for example, while both RXRalpha
and Egr-1 may be involved in specific situations, it is still
unclear, from a mechanistic standpoint, how these factors
would be incorporated into the transcriptional machinery
that drives apoAI gene expression. One would predict, a
priori, that as these factors become mobilized and are
recruited to the liver-specific enhancer, profound changes
in the putative pre-existing enhanceosome ensue. Assuming
that the default-state of the enhancer carries HNF-4 at site
A, this implies that HNF-4 is first cast off and is then
replaced by the incoming transcriptional regulator.
However, a more significant aspect of this factor exchange,
especially in conjunction with the above models for
synergism among transcription factors (Figure 2), is the
wholesale rearrangement of coactivator interactions that
would also necessarily result. Outstanding issues concern
whether the accompanying changes will include
involvement of a fresh set of chromatin remodeling
coactivators or re-establishment of contacts with (perhaps
different subunits of) the Mediator.

What is clear is that these observations imply that
the multi-component nucleoprotein complexes that
constitute the putative enhanceosome and drive apoAI gene
transcription are likely to be in a relative state of flux. The
precise factor composition of the enhancer would thus be
continually changing in response to diverse signals such as
developmental messages (including hormones) and
pharmacological and toxic substances. In turn, this built-in
flexibility would afford the cell an opportunity to
periodically fine-tune its production of apoAI.

6.  CONCLUSIONS AND PERSPECTIVES

In this review, a wide range of transcription
factors that have been implicated in the expression of the
apoAI gene, either directly or indirectly, have been
discussed. Essentially, two interrelated themes emerge from
this brief overview. First, that powerful nucleoprotein
assemblages (chromatin, enhanceosomes, multiprotein
coactivator complexes) maintain constitutively high levels
of apoAI gene expression in the appropriate cell-types.
Second, that these assemblages are unlikely to be static in
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that all evidence points to a remarkable capacity to
assimilate incoming signal-bearing molecules. No doubt,
future work, entailing new techniques developed in the
transcription field, will be directed at obtaining a more
detailed understanding of this system with its potential for a
significant impact on therapies for cardiovascular disease in
the longterm.
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