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Abstract

Transcriptional regulation of eukaryotic protein-coding genes requires the participation of site-
specific transcription factors that bind distal regulatory elements, as well as factors which, together
with RNA polymerase 11, form the basal transcription machinery at the core promoter. Because
gene regulation requires proper communication between promoters and enhancers, often over
great distances, it is important to understand the potentially inter-related transcription factor
interactions at both of these elements. How this is achieved on tissue-specific genes, such as the
immunoglobulin heavy chain (IgH) in B cells remains unclear. Here we review known interactions
at the Igh variable region (V) promoters and present our perspective on promoter-enhancer
interactions that are likely important for Ig gene regulation in B cells.

Regulated expression of Igh

The seminal studies of Jacob and Monod performed in E. Coli led to the idea of regulated
transcription (1). Subsequent biochemical and genetic analyses established key aspects of
gene regulation in prokaryotes (2). It has, however, been far more challenging to obtain a
comparable understanding of the mechanisms that underlie tissue-specific gene regulation in
mammals. Beyond the increased complexity of mammalian genomes and transcriptional
machineries (3), this also reflects the difficulty of faithfully recapitulating, in well-defined in
vitro systems, the long-range enhancer-promoter interactions that are necessary for tissue
specific gene expression. While this has somewhat hampered our understanding of
mechanistic details of regulatory processes, significant knowledge about tissue-specific
transcriptional regulation has been derived from transgenic studies in murine models as well
as cell-based transfection and/or transduction studies. Collectively, these studies have
revealed that site-specific, enhancer-bound regulatory factors communicate, through various
cofactors, with the basal transcriptional machinery that associates with core promoters near
the transcriptional initiation site (3). However, for most genes the precise molecular
mechanisms and contact points between the enhancer- and promoter-bound transcription
factors remain unclear. Added to this complexity is the fact that tissue-specific genes are
subject to natural constraints that often involve regulation of chromatin structure and
subnuclear positioning (4-7). For instance, 1g genes have to negotiate tissue- and
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differentiation-specific epigenetic changes in chromatin structure (accessibility), alteration
in nuclear architecture (repositioning and compaction), genetic recombination (from
unrearranged to fully rearranged alleles) and transcriptional regulation before it can be
expressed (4-7).

Transcription of Ig genes is ongoing throughout B cell development (8). However, the
recombination process complicates the understanding of Ig gene regulation in early stages of
B cell development. Therefore, studies of the recombined functional Ig genes provide a
clearer mechanistic understanding of how enhancers communicate with promoters. The
recombined Igh gene has a rather simple promoter (referred to as the VVy promoter) that is
comprised primarily of a conserved TATA box around —30 and a highly conserved DNA
sequence element (called the octamer) around —70 relative to the transcription start site (4,
8). Recent studies have identified several other functional promoter elements in this region,
although these may not be conserved across all gene families (9). The activity of the V
promoter is driven by downstream enhancers (reviewed in 4) and transcriptional regulation
is ultimately believed to require enhancer-promoter interactions. In this review we bring
together current knowledge on these interactions with emphasis on regulation of the V4
promoter. We will first briefly discuss components of the general transcriptional machinery.
We will then discuss functions of the Igh enhancers followed by the promoter elements and
corresponding factors that might be relevant for these enhancer-promoter communications.
Although various distinct mechanisms for enhancer-mediated transcriptional activation are
only just becoming clear, the existing data largely points to a looping mechanism for
enhancer-promoter communication necessary to regulate Igh transcription.

General transcriptional machinery and co-factors

The transcriptional regulation of protein coding genes requires participation of multiple
factors. These include both site-specific DNA binding proteins that interact with their
cognate sequence elements either upstream or downstream of the transcription start site, and
RNA polymerase Il (Pol 11) and cognate general transcription factors (GTFs) that comprise
the general transcription machinery and represent the ultimate targets of the gene-specific
factors (3). The GTFs together with Pol 11 are assembled into a preinitiation complex (PIC)
at the “core” promoter/transcription start site (3), which predominantly includes
combinations of the TATA box, Initiator (Inr) and downstream promoter (DPE) elements
(ref. 10; Fig 1). The rate of formation, stability and function (initiation) of the PIC is
governed by the site-specific transcription factors, usually by long-range interactions that
involve numerous other transcriptional co-factors (3,11).

Transcriptional co-factors can be broadly divided into two classes — those that directly link
site-specific regulatory factors to the general transcription machinery (11) and those that act
indirectly on the promoter/enhancer interactions of these factors through modifications of
chromatin structure (12-19). Although it is highly likely that many of these factors and their
cognate histone marks are involved in Ig gene transcriptional regulation, their actual
functions and mechanisms of action in the regulation of Ig genes in B cells remain mostly
undetermined.

The cofactors that act more directly include general co-activators such as Positive cofactor 4
(PC4) and the Mediator complex and cell-specific cofactors such as the B cell-specific
OCA-B (11). The Mediator is a multiprotein complex (~ 30 subunits) that, in addition to
interacting directly with Pol I, can interact with and mediate functions of numerous
transcriptional cofactors, including those acting at the level of chromatin (11). While in vitro
studies have shown requirements for both PC4 and Mediator/PC2 in Igh transcriptional
regulation via synergism with octamer factor and cognate co-activator, OCA-B (20, 21),
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how these various co-factors are functionally involved in expression of the rearranged Igh
gene in normal B cells is currently unknown.

Igh enhancers and transcriptional regulation

Igh transcriptional activation during B-cell differentiation occurs in discrete and
independently regulated domains bearing chromatin boundaries with defined histone
modification marks (22—26). The enhancers play important roles at multiple stages of Ig
gene expression, including at the recombined Igh locus.

The intronic (Ep) and 3'-RR enhancers

The best characterized Igh enhancers are the intronic (Ep) enhancer located between the 3'-
most joining (J) and (constant-mu) Cp regions and the 3’ enhancers (located downstream of
Ca, here referred to as the 3'-regulatory region or 3'-RR) that are spread over 30 kb (Fig
2A). These enhancers contain binding sites for several transcription factors that include NF-
kB, E2A, BSAP/Pax5, Ets proteins (including PU.1) and octamer factors (OCTSs) and both
enhancers exhibit B cell-restricted as well as developmentally regulated functions (reviewed
in 4). The intronic enhancer is required during early (pre-B to mature B cell) stages of
differentiation where it drives Igh gene assembly and IgH Cp gene expression (8). On the
other hand the 3'-RR, appear to be required for high-level expression of class-switched Ig
genes in activated B cells (27-30).

The Ep intronic enhancer activity has been localized to a 700-bp region of the JH-Cp intron
(Fig 2A), although the bulk of this activity maps to a 220-bp “core” region that contains all
the functionally characterized binding sites for transcription factors (4). The “core” enhancer
is flanked by two A/T rich matrix-associated regions (MARs, DNA sequences that interact
with the nuclear matrix). MARs are believed to augment linked enhancer activity and can
protect associated genes from position effects by acting as boundary or insulator elements.
However, although deletion of Ep inhibits VDJ recombination with a more pronounced
effect on the VDJ step compared to the DJ step (31), only the “core” enhancer is essential
for these events, as deletion of MARs in the endogenous locus does not affect VDJ
recombination or Igh gene expression from the altered allele (4). Despite a requirement for
Ep in VDJ rearrangement is clearly evident from gene targeting experiments, a recent study
indicates that deletion of Ep from a rearranged Igh gene has no appreciable effects on either
Igh transcript levels or B cell development in mice. However, lack of Ep impacts allelic
exclusion (32). Likewise, experiments in cell lines have suggested that Igh expression is
normal from rearranged alleles lacking Ep whereas both Ep and the 3'-enhancer appear to be
important for CSR (reviewed in 4). Deletion of Ep also leads to variegated IgH protein
expression (33). Thus, IgH protein is expressed in only a subset of cells after enhancer
deletion (33). However, in IgH expressing cells that lacked Ep, the level of expression was
comparable to the cells in which the enhancer was intact (33). The IgH expressing but En
lacking cells (“on” state) propagated only around 100 cell divisions, whereas the cells not
expressing IgH (“off” state) propagated for around 40,000 cell divisions. Thus, Ep could be
regulating propagated “on” versus “off” states and thereby involved in initiation versus
maintenance of Ig gene expression (33, 34).

It has also been shown that the intronic enhancer serves as a source of antisense transcripts,
and that transcription extends into the Vi part of the locus in pro-B cells and remodels
chromatin for recombination (35). Antisense transcription is abrogated in mice lacking Ep,
suggesting Eu controls antisense transcription and thereby recombination (35).

The 3'-RR constitutes a large and complex region that lies 200 kb downstream of Ep and
appears to be required for regulation of g class switch recombination (CSR) (29, 30). This
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30 kb region has four functional domains designated HS1,2, HS3a, HS3b and HS4. HS3a
and 3b are 97% identical in sequence but appear in opposite orientations (28, 36). HS1,2,
HS3a and HS3b function primarily in activated B cells while HS4 appears to be active
throughout B cell differentiation, although recent in vivo studies suggest a redundant role
amongst different 3’-enhancers (28).

Relationship between Ep and 3'-RR

The 3'-RR, as a whole, possesses locus control activity and may function cooperatively with
Ep (27). In an elegant series of experiments it was shown that in unstimulated mature B
cells, the distantly located Ep and 3'-RR associate in vivo to form a loop that encompasses
the Igh constant region (CH) genes (37). It was further proposed that in unstimulated B cells,
looping in the Igh locus leads to closer spatial proximity of the germline transcription
promoters with the Ep:3-RR complex resulting in a topological structure termed
synaptosomegry). Synaptosome, in turn, helps form a “poised” core chromatin
conformation that later facilitates germline transcription in response to isotype-specific B
cell activation (37).

Information about the evolutionary hierarchy of two Ig enhancers comes from studies in
bony (also known as teleost) fish, members of the earliest vertebrate lineage to have a
functional IgH locus (38). Although the best-characterized teleost family, that of channel
catfish, contains a functional Ep enhancer, this species lack 3'-RR (38). Teleosts also show
restricted diversity in their antibody response and lack somatic hypermutation. Therefore,
the mammalian Igh locus (with both enhancers) likely arose from the primordial gene
(containing only the Ep enhancer) via multiple steps of duplication and transposition (38).

Vy Promoter Elements and Transcription Factor Interactions

Each V gene segment contains an independent promoter that is required to express the
mature recombined Ig transcript (8). In isolation, Vi region promoter activity appears to be
selective to B lymphoid lineage cells, although the molecular mechanisms responsible for
such specificity remain largely unknown (4). It should be noted that B cell-selectivity of V4
(and Vx promoters has been only tested in transient transfection experiments in transformed
cell lines and IgH and Igx transgenes show broad expression patterns without any consistent
B cell-specific expression (4). However, the transgenic experiments are potentially
complicated by the fact that expression is copy number- and integration site-dependent, and
generalizations should be made with caution (4).

Co-activators

In addition to the core promoter elements that include the consensus TATA box and the Inr
element, the hallmark of all Vi and Vi« promoters is the presence of an octamer element that
is usually located within 100 bp of the transcriptional initiation site (4, 39, Fig 2). The
remarkable conservation of the octamer element in both Ig light and heavy chain gene
promoterseTy), together with its appearance in both Ep and 3'-RR, led to the expectation
that transcription factor interactions with this element would be critical for B-cell specific
regulation of Ig genes (4). Surprisingly, although octamer elements might contribute to B-
cell specificity, the precise in vivo functions of the cognate OCT factors that bind to these
sites remain unclear (40).

The B cell-specific co-activator OCA-B (also known as OBF-1 or Bob-1) was discovered in
biochemical complementation assays (20). OCA-B can interact directly with either OCT-1
or OCT-2 and can be co-recruited with either transcription factor to the octamer element (20,
21). In addition, OCA-B, in conjunction with OCT-1, also appears to interact with negative
co-regulator SMRT, thereby indicating its potential for the negative regulation of non-1g
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genes (41). Gene targeting experiments in mice revealed that OCA-B is not essential for Igh
transcription or early B cell differentiation, although it is essential both for antigen-
dependent B cell differentiation (including germinal center formation) and for normal
expression of secondary 1g isotypes (42, 43). These results further underscore the
complications surrounding the octamer element and suggest that there is perhaps a high
degree of redundancy in octamer-mediated interactions involving OCT-1, OCT-2 and OCA-
B and, further, that the B cell specificity likely involves other regulatory elements and
corresponding factors (40).

DICE, Inr and PAIR elements

Recently, the Igh promoter element Downstream Immunoglobulin Control Element (DICE)
that forms B cell-specific DNA-protein complexes was identified. DICE is located
immediately downstream of the transcription initiation site of a majority of the murine heavy
chain variable promoters (44). DICE appears to be required both for optimal activity of a V
promoter and for stimulation of Vi promoter activity by the intronic enhancer in
transfection experiments (44). Unlike the ubiquitous presence of the Octamer motif in all V
promoters, a complete annotated map of the murine IgH V region sequence reveals that the
best DICE matches are found in J558-class promoters, the most distal Vi family with the
most intrinsically active promoters (9, 44).

Interestingly, the J558 Vi family members appear to have two Inr elements flanking a DICE
around the transcription start site (Fig 2B, and ref. 9). Even though it remains unknown how
specific differences in promoter architecture contribute to the transcriptional regulation of
rearranged IgH genes, a J558 promoter has been shown to be stronger than a S107 promoter
in in vitro transcriptional assays (45). Although the mechanism responsible for this
difference is unknown at present, in vitro experiments have indicated that the
multifunctional transcription factor TFII-I can bind to both DICE and Inr elements (44, 46).
Thus, TFII-1 may potentially enhance the strength of J558 Vi promoters, compared to other
Vy promoters, by virtue of binding to both Inr and DICE and its associated communication
with the basal transcriptional machinery.

More recently, a novel promoter element was identified within the distal V' cluster (47).
This element, termed PAIR (Pax-5 activated intergenic repeat), is interspersed in the distal
V' gene region and binds several factors that include Pax-5, E2A, CTCF and Rad2?1 (a
component of the cohesin complex). Interestingly, whereas Pax-5 binding to these elements
is restricted to pro-B cells, E2A and CTCF binding persists even at later stages of B cell
development (47). Given that both CTCF and cohesins are required for cell type-specific
chromatin organization (48, 49), and that cohesin has been implicated in enhancer-promoter
interactions (50) these observations suggest that PAIR elements are likely to be important
for Igh transcriptional regulation and may play a role in enhancer-promoter communication.

Igh locus enhancer-promoter communication

A number of studies of enhancer function, including ones involving B and T cell antigen
receptor loci, have indicated a looping model in which enhancer-bound factors *“contact”
promoter-bound factors such as Pol 11 and components of the basal machinery (34, 49-54).
However, it is becoming clear that enhancers activate transcription through additional
mechanisms, such as formation of so-called “transcription factories” (54, 55). According to
this model, active gene loci can co-localize with transcription factors and Pol Il within the
nucleus in discrete “spots” termed as transcription factories and enhancer-promoter
communication occurs within these factories (54, 55). It has also come to light that the
number of enhancers in the mammalian genome appears to be rather large and exhibit
characteristic chromatin features (54). These features consist of not only histone 3 lysine 4
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mono-methylation (H3K4me1) mark but also histone 3 lysine 27 acetylation (H3K27ac) and
histone 3 lysine 27 tri-methylation (H3K27me3) marks (56, 57). Moreover, enhancer effects
on histone modifications can be gene-specific. For instance, while deletion of Ep results in a
significant reduction in histone acetylation over a several hundred kilobase region, deletion
of the B-globin locus control region (LCR) does not affect histone acetylation (reviewed in
34). In addition, it was shown that whereas deletion of the T cell specific E4p enhancer does
not affect CD4 expression in resting T cells, this E4p-independent CD4 expression is lost
upon T-cell proliferation (58). Thus, the E4p enhancer is not required for the initiation of
expression but is necessary for the propagation of an epigenetic state during activation (34,
58).

In light of these observations, it is pertinent to ask how downstream enhancers communicate
with the Vy promoters to regulate Igh transcription. In transfection assays, a distant Igh
3'xenhancer cannot function properly in the absence of at least one proximal promoter
element positioned between the core promoter and the enhancer, which might explain the
existence of the positionally conserved octamer element (59). A mechanistic explanation is
provided by the fact that while Mediator (and TFIIB a GTF) interactions at the core
promoter were dependent upon enhancers, the binding of an activator to a proximal
element(s) (such as octamer) is necessary for efficient nucleation of the transcription pre-
initiation complex by enhancing the recruitment of TATA binding protein (59).

Other studies have addressed physical interactions between the Igh 3'-RR and promoters
(60, 61). The t(14:18) lymphomas are characterized by translocation of the anti-apoptotic
gene Bcl2 from chromosome 18921 to the Igh locus on chromosome 14g32, which results in
aberrant activation of the translocated Bcl2 allele (60). Using chromosome conformation
capture (3C) assays, a functional and long-range (over a 350 kb genomic region) interaction
between the Igh 3'-RR and Bcl2 promoter was shown (60). Interestingly, both OCT-2 and
OCA-B were implicated in mediating such interactions (60). Likewise, the 3'-RR physically
interacts with the V promoter (61). In addition, in plasmacytomas harboring a reciprocal
translocation between the Myc and the Igh locus, a direct interaction of the 3'-RR with the
Myc promoter has also been observed (61). Together with the finding that looping in the Igh
locus leads to closer spatial proximity of the germline transcription promoters with the Ep:
3'-RR complex (37), these observations strongly point to a looping mechanism for
promoting promoter-enhancer communication in regulating Ig gene transcription.

Recent work has provided important biochemical insights that might explain 3'-RR (HS4)
and Vy promoter interactions (62). The Inr- and DICE-interacting transcription factor TFII-I
was found to physically and functionally interact with OCA-B, to regulate Igh expression in
two ways (62). First, OCA-B and HDAC3 bound directly and competitively to TFII-1, such
that OCA-B relieves HDAC3-mediated Igh promoter repression by competing with HDAC3
for binding to promoter-bound TFII-I. Second, using 3C assays, it was shown that Igh 3'-
RR-bound OCT1/2-OCA-B and core promoter (DICE)-bound TFII-I mediate promoter-
enhancer interactions in both cis and trans and that these interactions are important for Igh
transcription in plasmacytoma cells (62). Importantly, deficiencies in either factor led to
significant reductions not only in endogenous Igh enhancer-promoter interactions but also in
transcription both in plasmacytoma cells and in primary murine spleen cells (62). Consistent
with the studies of Igh 3'-RR and Bcl2 promoter interactions (60), these observations clearly
indicate an enhancer-promoter communication mechanism involving looping facilitated by
OCT- OCA-B and TFII-I (Fig 3). It will be interesting to determine whether 3'-RR
communication with the Bcl2 (60) promoter and/or Myc (61) promoter involves TFII-I,
which might indicate a general role for TFII-1 in mediating such long-range interactions.

Trends Immunol. Author manuscript; available in PMC 2012 November 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Roy et al.

Page 7

The presence of octamer elements in the Ep enhancer (4) raises the possibility that similar
enhancer-promoter interactions between Ep and Vy could be mediated by TFII-1 and OCA-
B. Because the Ep and 3'-RR function in distinct stages of B cell development, such
interactions would likely be regulated in a stage-specific fashion as well. Moreover, since
OCT1/2-OCA-B also binds to the proximal promoter octamer site, we conjecture that
multiple OCT1/2-OCA-B-TFII-I interactions govern Igh transcription at distinct stages of B
cell development (Fig 3).

An evolutionary connection between TFII-1 and OCA-B can also be envisioned. Thus,
whereas catfish OCA-B has a very well conserved POU domain, it appears to lack a
conserved C-terminal trans-activation domain akin to that in mammalian OCA-B (63). TFII-
I interacts with OCA-B through a central region that seems to be relatively well conserved
between mammals and catfish (62). Thus, it is likely that TFII-1 interacts with OCA-B in
catfish and provides the activation potential that is missing from the teleost OCA-B. Given
that the catfish Igh contains only an Ep-related enhancer that harbors OCT1 and OCT2, it is
possible that OCT1/2-OCA-B-TFlI-I interactions arose first in conjunction with Eurelated
functions and, during evolution, eventually became relevant for the 3'-RR. Conversely, it is
also possible that these interactions were not relevant for Eu and later co-evolved only with
the 3-RR.

In addition to the factors that positively influence 3'-RR interactions, an interesting recent
observation is that the transcription factor Ikaros negatively controls isotype gene
transcription during Ig CSR by binding to the 3'-RR (64). Ikaros binding controls
transcription by suppressing active chromatin marks and accessibility of activation-induced
cytidine deaminase (AID) to the y2b and y2a genes. Importantly, such repression promotes
switching to other isotype genes by allowing them to compete for AID-mediated
recombination (64). However, it is not yet known whether binding of Ikaros to the 3'-RR
might regulate looping and alter communication with the Vy promoter.

Igh transcription and connection to B cell sighaling

Genetic ablation of TFII-I in mice results in early embryonic lethality, thus precluding the
assessment of its precise role in B cell function (65). However, TFII-1 is a target of Bruton’s
tyrosine kinase (Btk), and genetic ablation of Btk or natural mutations in Btk lead to a B cell
phenotype known as x-linked immune-deficiency (xid) (46, 66). TFII-I is downstream of the
BCR-Btk signaling pathway in B cells (46), and the finding that TFII-1 together with OCA-
B control Igh transcription via looping (62) also raise the exciting possibility that BCR-
signaling is connected, through TFII-I, to OCT1/2-OCA-B functions and regulates
enhancer-promoter communication. This notion has been further substantiated by recent
observations connecting OCA-B to BCR signaling via Syk (67).

TFII-1 is also linked to Igh transcriptional regulation because it physically and functionally
interacts with Bright, a MAR-interacting factor implicated in Ig gene expression (68).
Moreover, TFII-1 connects Bright to the BCR-Btk pathway as well (69). Hence, TFII-I may
prove to be a missing piece of the puzzle that, along with Oct-1/2-OCA-B, is important for
establishing proper communication between V promoters and Igh enhancers in a BCR-Btk
signal-dependent fashion (Fig 3).

Concluding remarks

Given the diversity in Vy promoter architecture with newly discovered DNA sequence
elements, as well as multiple enhancers that act during distinct stages of B cell development,
it is a significant challenge to understand how these enhancers communicate with diverse
Vy promoters in a stage-specific fashion. The notion that enhancer effects on histone
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modifications and chromatin structure can be gene-specific and/or stage-specific also adds to
the complexity. Recent studies have begun to address these issues and identify transcription
factors that are likely to be involved in complex regulation of Ig genes during development.
Although distinct mechanisms of enhancer-mediated transcriptional regulation of eukaryotic
genes are being discovered, recombined Igh transcriptional regulation primarily involves a
looping mechanism for enhancer-promoter communication. The technical advances in
studying promoter-enhancer communication, including Hi-C (a genome-wide high
resolution variation of 3C) and 4C (circular chromosome conformation capture) assays (70,
71) in conjunction with new imaging techniques (reviewed in 26), will certainly aid in our
understanding of this process in far greater detail in the near future.
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Figure 1.

Model for formation of a pre-initiation complex (PIC) on the core promoter following local
chromatin modifications. a) A chromatin template that has been remodeled through the
action of histone modifying and ATP-dependent nucleosome remodeling factors (not
shown). Ac, Me, and Ph represent acetylation, methylation and phosphorylation marks on
histone tails, respectively. It is believed that nucleosomal displacement around the core
promoter facilitates interactions of the general transcription machinery that result in
formation of a preinitiation complex. b) A pre-initiation complex on a core promoter
containing TATA, Inr and DPE elements at the normal positions. The minimal preinitiation
complex contains RNA polymerase Il (RNAPII) and the six GTFs (TFIIA, TFIIB, TFIID,
TFIE, TFIIF and TFIIH) that comprise the general transcriptional machinery, with site-
specific TATA box interactions mediated exclusively by TBP and potential Inr and DPE
interactions mediated by the TBP-associated factors (TAFs) that, for simplicity, are not
shown individually. Following interactions with transcriptional activators at distal sites (not
shown), the general transcriptional cofactors PC4 and Mediator may target multiple
components of the general machinery and facilitate formation and/or function (initiation) of
the pre-initiation complex.
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Figure 2. Location and diversity of Viy promoters

(a) Architecture of the VVDJ rearranged Igh gene. The locations of Ep and the 3'-RR
enhancers are shown. The Vi promoter is upstream of the recombined VVDJ region. Various
constant (C)-region genes are also indicated along with their promoters (distances are not to
scale) (b) Diversity and architectures of various families of Vy promoters. Although the
majority of the family members show the depicted architecture, there still exists
considerable heterogeneity (ref. 9). While the positions and functions of both TATA box and
octamer (Oct) elements are experimentally determined, the positions of the Inr, DICE and
Pu.1 elements are based on sequence analyses (ref. 9). Functional contributions of the DICE
element, both in isolation and in conjunction with Eu have been shown in vitro. The
functional significance of the putative Inr and Pu.1 elements in Igh transcription is predicted
but experimentally undetermined.
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Figure 3. Model for Igh promoter-enhancer communication

Due to potential interactions of TFII-1 with both Inr and DICE (particularly in J558 V4
promoters), TFII-1 is likely to have stable interactions with the core promoter. Because TFII-
| also interacts with OCA-B, the latter is recruited to the Vi promoter as well. In this model,
TFI1I-1 also interacts with MAR-bound Bright transcription factor. By virtue of its interaction
with both TFII-1 and OCT1, OCA-B can facilitate communication between the core
promoter, upstream octamer and the downstream 3'-RR, resulting in looping and
juxtaposition of upstream and downstream elements. Although an interaction between the
Vy promoter and the intronic/Ep enhancer has not yet been shown, the fact that that Ep
harbors octamer sites that can bind OCT1/2-OCA-B raises the possibility that core
promoter-bound TFII-I-OCA-B can also interact with Ep-bound OCT1/2-OCA-B during
early stages of B cell development. Likewise, proximal promoter-bound OCT1/2-OCA-B
can interact with core promoter-bound TF1I-I-OCA-B. Dotted arrows depict the
presumptive interactions, while the solid arrow indicates the demonstrated interaction.
Ikaros interacts with the 3'-RR and inhibits transcription, although its role in promoter-
enhancer communication is untested. In addition, both TFII-1 and OCA-B appear to be
downstream of the BCR/Btk signaling cascade, thereby potentially connecting BCR
signaling to IgH transcription.
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