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ABSTRACT

CSL is the primary target of the Notch signaling
pathway in mammalian cells. It is a DNA binding
protein that generally represses transcription in the
absence of Notch signaling and activates transcrip-
tion upon formation of a ternary complex with NICD,
the protease-generated intracellular domain of
Notch. Previous mapping experiments identified the
central third of CSL as both necessary and sufficient
for DNA binding and activation by Notch. Here we
show that CSL promotes transcription in 293T cells
in the absence of added NICD and that this activity
requires both the central domain plus the C-terminal
third of the protein. Evidence is presented that
argues against a contribution of endogenous NICD
and instead supports the possibility that distinct
coactivators may directly stimulate the activity of
CSL in a cell type-specific manner. This conclusion
supports a recent finding that Drosophila CSL
(Suppressor of Hairless) can also mediate transcrip-
tional activation in the absence of Notch.

INTRODUCTION

Notch proteins define a family of large transmembrane recep-
tors that control cell fate decisions in many developmental
systems (1-6). The extracellular domain of Notch contains
multiple epidermal growth factor-like repeats while the intra-
cellular domain is distinguished by six cdc10/ankyrin repeats,
an OPA and a PEST domain and a functional region
N-terminal to the ankyrin domains designated the RAM (or
RAM?23) domain. The extracellular domain of Notch is
cleaved at a site adjacent to the transmembrane domain by a
furin-type protease prior to its presentation on the cell surface;
however, the two portions of the protein remain associated
with one another (7-9). Upon interaction with ligand, two
additional proteolytic cleavage events occur which liberate the
Notch intracellular domain (NICD) from the membrane,
allowing its subsequent entry into the nucleus (10-13). Once in
the nucleus, NICD interacts with a DNA binding protein
denoted CSL (also known as CBFI1/RBP-J in mammals,
Suppressor of Hairless [Su(H)] in Drosophila and Xenopus,

and Lag-1 in Caenorhabditis elegans) and the resulting
complex, which also includes the protein Mastermind and/or
SKIP, activates transcription of target genes (14—19).

CSL is a DNA binding protein expressed in a wide array of
mammalian tissues and cell lines (20,21). Ablation of CSL in
mice results in death prior to 10.5 days of gestation. The
mutant mice exhibit severe growth retardation and defects in
somite and neural tube development (22). CSL is a pioneer
protein that binds DNA as a monomer and recognizes the
consensus sequence (C/T)GTGGGAA (23). In the absence of
Notch, CSL typically functions as a transcriptional repressor.
The repression domain maps to the central third of the protein,
which also corresponds to the DNA binding and Notch interac-
tion domains (24). Transcriptional repression can be mediated in
two ways. First, CSL can interact directly with components of
the basal transcription machinery (TFIIA and dTAFII110),
which disrupts activated transcription in vitro (25). Secondly,
CSL can interact with corepressor proteins that recruit histone
deacetylase enzymes such as HDAC1 and HDAC?2. The tran-
scriptional corepressors identified thus far are SMRT and a
novel protein denoted CIR (26,27). In the presence of NICD,
the corepressors are displaced from CSL and the resulting
NICD-CSL complex activates transcription by virtue of an
activation domain carried on NICD that recruits the histone
acetyltransferase PCAF (28,29). A recent report by Posakony
and colleagues (30) provides evidence that Drosophila CSL
[Su(H)] responds similarly, but that it can also mediate Notch-
independent transcriptional activation in the socket cells of the
mechanosensory bristle.

Until recently, no activities had been described for the N- or
C-terminal portions of CSL. In a recent report, Honjo and co-
workers (31) found that the N- and C-terminal portions of CSL
can mediate interactions with the ankyrin repeats of Notch and
aid transcriptional activation by NICD. We show here that in
293T cells (an adenovirus-transformed human kidney cell
line), CSL is active in the absence of added NICD, and that this
activity depends on the Notch interaction domain plus the
C-terminal third of the protein. We present evidence that
activity of CSL in 293T cells is not dependent on Notch, but is
a consequence of distinct cell type-specific coactivators
working directly on CSL. This conclusion is consistent with
the recent model proposed for Notch-independent activation
by Su(H) in Drosophila socket cells.
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MATERIALS AND METHODS

Plasmids and transfection assays

Gal4-CBF1 (referred to herein as Gal4-CSL; 16) was the gift of
Diane Hayward (Johns Hopkins University). Gal4-CSL(1-233)
and Gal4-CSL(233-500) were generated by EcoR1 digestion
of the parental plasmid. Other CSL deletion mutants were
generated as BamH1-Sacl fragments by the polymerase chain
reaction and inserted downstream of the Gal4 coding region.
Expression levels were assessed by western analysis using an
anti-Gal4 antibody (Santa Cruz). The Gal4 reporter plasmids
5xGal4TK-CAT, 5xGal4TK200-1luc and (Gal4)sE1B-luc were
obtained from Diane Hayward, Kathryn Calame (Columbia
University) and Antonio Giordano (Thomas Jefferson
University), respectively. The Notch-dependent reporter
4xwtCBF1Luc (referred to herein as (CSL),-luc; 16) was the
gift of Diane Hayward and the parental vector lacking CSL
binding sites, pGL2pro, was obtained from Promega.
Expression vectors for NICD (N1-IC; 32), CSL (Flag-CBF1;
16) and SMRT (26) have been described elsewhere. 293T and
NIH 3T3 cells were maintained in Dulbecco’s Modified
Eagle’s Medium supplemented with 10% fetal bovine serum.
Transfections were carried out using calcium phosphate
coimmunoprecipitation using 7 g of total DNA per transfec-
tion of a 60 mm plate. CAT assays and luciferase assays were
performed as described previously (32) and values were
normalized to levels of B-galactosidase generated from CMV-
B-galactosidase (100 ng). Values represent average results
obtained from at least three separate experiments.

Electrophoretic mobility shift assay (EMSA)

The CSL binding site probe was generated with the oligo-
nucleotides 5-GATCGGAAACACGCCGTGGGAAAAAA-
TTTGGC-3" and 5-GATCGCCAAATTTTTTCCCACGGC-
GTGTTTCC-3" (complementary strand). Annealed double-
stranded probe was labeled by filling 5" overhangs with Kle-
now fragment in the presence of [3?P]dATP and [*?P]dCTP.
Labeled probes were purified with a G50 spin column
(Boehringer Manheim). Whole cell extracts were made
according to Damm et al. (33) and each binding reaction
contained 1-4 pl cell extract, 1 pl probe (4 x 10* c.p.m.), 2 ug
poly(dI-dC) as non-specific competitor, 1x binding buffer
(20 mM HEPES pH 7.9, 60 mM KCl, 1.33 mM MgCl,,
1.0 mM DTT, 4% glycerol) in a final volume of 20 . Binding
was carried out at 4°C for 1 h and then reactions were loaded
onto a 5% polyacrylamide gel using 0.25x TBE. For super
shifts, the cell extracts and serum were incubated for 1 h prior
to the addition of DNA. CSL antiserum was kindly provided
by J.Coligan (NIAID, NIH).

RESULTS

CSL is activated in trans in 293T cells

Vertebrate CSL (CBF1/RBP-J) is generally a transcriptional
repressor in the absence of Notch. We and others have demon-
strated that this is likely to be a consequence of CSL inter-
acting with corepressor proteins (26,27). However, in the
course of our studies we noted that promoters containing CSL
binding sites were active in the 293T cell line. 293T cells were
derived initially from an adenovirus-mediated transformation
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of primary human kidney cells (they express low levels of E1A
and E1B proteins) and then transduced further with a plasmid
that expresses a temperature-sensitive SV40 large T antigen.
The effect of linking CSL binding sites to the SV40 promoter
led, as expected, to a decrease in reporter activity in NIH 3T3
cells (Fig. 1A, left). In contrast, the same sites stimulated
expression from the SV40 promoter in 293T cells (Fig. 1A,
right). Examination of endogenous CSL DNA binding activity
by EMSA failed to reveal any significant differences between
NIH 3T3 cells and 293T cells (Fig. 1B). The possibility that
these cells harbor a mutant, constitutively-active CSL was
ruled out by our observation that plasmid-encoded Gal4-CSL
activated transcription in 293T cells in the absence of added
NICD (Fig. 1C). We determined that the activity is not a
consequence of the resident 12S E1A proteins (see below) and
exogenously added T antigen had no appreciable effect on
CSL activity (data not shown).

Activity of CSL in 293T cells requires a novel functional
domain

To explore further the activity of CSL in 293T cells, we
mapped the domain of CSL required for its activity. We
constructed a series of deletion mutants of CSL, linked these to
the Gal4 DNA binding domain and tested the ability of the
various proteins to activate a TATA box-containing reporter in
293T cells in the presence or absence of NICD. Western
analyses confirmed that the various fusion proteins were
expressed at comparable levels (data not shown). The data
(Fig. 2) can be summarized as follows. First, we confirmed
previously published results by showing that the minimum
Notch interaction domain maps between CSL amino acids 179
and 361. Secondly, and most importantly, the activation
domain of CSL in 293T cells does not coincide precisely with
the Notch interaction domain. Although the two domains
overlap, sharing an N-terminal boundary [amino acid 179;
constructs containing CSL amino acids 200-500 and 233-500
failed to activate transcription (data not shown)], amino acids
necessary for CSL activity in the absence of added NICD
extend beyond position 361, requiring perhaps the entire
C-terminal two-thirds of the CSL protein. We considered the
possibility that activity of CSL in 293T cells might still be due
to a small amount of activated Notch, but that such low
concentrations may require a larger interaction domain on CSL
than that mapped in overexpression studies. In fact, it was
recently shown that both the N- and C-terminal regions of CSL
can bind in vitro to the ankyrin repeats of Notch (31). To
address this possibility we varied the concentration of NICD in
transfections of NIH 3T3 cells and measured the relative
responses of Gal4-CSL fusion proteins carrying either the
minimum Notch interaction domain (179-361) or the larger
domain (179-500). As shown in Figure 3, although the
maximum response of the larger domain was roughly 2-fold
greater, consistent with a role for the C-terminal domain in
overall transcriptional activation by NICD (31), the relative
activities of the larger and smaller domains at low NICD
concentrations was not significantly different. These data
argue that the preferential activity of the larger CSL domain in
293T cells is not due to an enhanced ability to recruit low
concentrations of endogenous activated Notch.
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Figure 1. CSL activates transcription in 293T cells. (A) Activity of a CSL-
responsive reporter, (CSL),-luc, compared to the reporter lacking CSL binding
sites, pGl2pro, upon transfection of NIH 3T3 and 293T cells. (B) EMSAs
using nuclear extracts of NIH 3T3 and 293T cells in conjunction with an oligo-
nucleotide bearing CSL binding sites. The major band is due to CSL by virtue
of the change of its mobility in the presence of CSL antiserum (+ o.CSL), but
not in the presence of control serum (+ Serum). (C) Activity of a Gal4-CSL
fusion protein transfected into NIH 3T3 and 293T cells. Cells were transfected
with either the Gal4 site-containing reporter alone (5xXGal4-TK-luc) or along
with an expression plasmid expressing Gal4-CSL, as indicated. Luciferase
activities were determined 2 days after transfection.
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Figure 2. The activation domain within CSL does not correspond to the Notch
interaction domain. The (Gal4)s-E1b-luc reporter was transfected into 293T cells
along with the indicated Gal4-CSL fusion proteins, + or — NICD, as indicated.
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Figure 3. The relative responses of Gal4-CSL(179-361) and Gal4-CSL(179-500)
to various NICD concentrations. NIH 3T3 cells were transfected with the (Gal4);-
Elb-luc reporter along with either the Gal4-CSL(179-361) or Gal4-CSL(179-500)
expression vectors in the presence of increasing amounts of NICD expression
plasmid, as indicated.

CSL binds both corepressors and coactivators in the
absence of added NICD

CSL recruits transcriptional corepressors to DNA in the
absence of NICD and coactivators in the presence of NICD.
However, the transition from repression to activation
represents a dynamic equilibrium since high levels of the core-
pressor SMRT can reverse activation by NICD. Activation or
repression by CSL should therefore be determined by the rela-
tive concentrations of coactivators and corepressors in a given
cell. Although CSL may have the potential to directly recruit
both, binding of corepressors may prevail in most cells. NICD
may serve simply to alter the balance in favor of coactivators.
To investigate whether CSL can recruit corepressors in 293T
cells, we employed various Gal4-CSL fusion proteins and
assessed their ability to repress transcription when linked to a
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Figure 4. Comparison of activities of Gal4-CSL deletions in NIH 3T3 and 293T cells. NIH 3T3 cells (left) and 293T cells (right) were transfected with the 5xGal4-
TK-luc reporter along with the various Gal4-CSL deletion mutants, as indicated. Activities are represented relative to the reporter alone.
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Figure 5. CSL can bind corepressors in both NIH 3T3 and 293T cells. SMRT overexpression results in repression of both Notch-mediated activation of CSL in
NIH 3T3 cells (left) and CSL activity in 293T cells (right). Cells were transfected with the indicated reporter and expression plasmids along with increasing
amounts of an SMRT expression plasmid, as indicated. Activities are expressed relative to those obtained with the pGl2pro reporter.

TK promoter (Fig. 4). As expected, Gal4-CSL repressed tran-
scription in NIH 3T3 cells (Fig. 4, left) and the minimum
repression domain coincided with amino acids 179-361,
similar to the Notch-interaction domain. In 293T cells (Fig. 4,
right), repression was not evident for either the full-length CSL
protein or the fragment containing the novel activation domain.
However, repression was observed in 293T cells when the
minimum repression domain was tested, suggesting that CSL
has the ability to recruit corepressors in 293T cells, but that
thisis not apparent due to the preferential recruitment of
coactivators. Consistent with this view, overexpression of SMRT

led to the inhibition of both NICD-mediated activation of CSL
in NIH 3T3 cells and NICD-independent activity of CSL in
293T cells (Fig. 5). That our 293T cells contain normal levels
of corepressor proteins was confirmed with a fusion protein
containing Gal4 linked to the thyroid hormone receptor
(Gal4-TR), which repressed transcription ~3-fold (data not
shown).

We considered the possibility that a small fraction of the
CSL pool in NIH 3T3 cells may recruit coactivators in the
absence of added NICD. To address this we overexpressed
CSL in an attempt to disrupt the normal balance of available
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Figure 6. Effect of CSL overexpression on activities of Gal4-CSL in NIH 3T3 and 293T cells. 293T cells (left) and NIH 3T3 cells (right) were transfected with the
(Gal4)s-E1b-luc reporter either alone, with the Gal4-CSL expression vector or with the Gal4-CSL expression vector and increasing amounts of a CSL expression
vector, as indicated. Activities are expressed relative to those obtained with the reporter alone.

coactivators and corepressors, and examined the effect on
Gal4-CSL activity in NIH 3T3 and 293T cells. We used a
reporter, Gal4-E1b-luc, whose promoter consists of Gal4 sites
linked to only a TATA box. Corepressor proteins recruited to
such a promoter will result in neither transcriptional activation
nor measurable transcriptional repression. By contrast, even
low levels of coactivators recruited to such a promoter will
result in a positive signal. Increasing doses of CSL inhibited
activity of Gal4-CSL in 293T cells (Fig. 6, left), consistent
with CSL binding a limited number of coactivator proteins. By
contrast, increasing doses of CSL promoted activity of Gal4-
CSL in NIH 3T3 cells to levels that were comparable to those
obtained in 293T cells (Fig. 6, right). We conclude that while
CSL binds primarily corepressors in NIH 3T3 cells, it can also
bind coactivators if the concentration of corepressors is
reduced. Thus, both NIH 3T3 and 293T cells contain CSL tran-
scriptional coactivators, but the relative balance is such that the
corepressors dominate in NIH 3T3 cells while the coactivators
dominate in 293T cells.

One defining feature of 293T cells is their expression of
adenovirus proteins E1A and E1B. Since E1A is a known tran-
scription factor, we considered the possibility that it affects
activity of CSL in 293T cells. Of particular interest to us was
the 13S form of E1A since it has been shown to be a transcrip-
tional activator (34) and is expressed in 293T cells (35).
Indeed, when we cotransfected NIH 3T3 cells with plasmids
expressing a Gal4-CSL fusion protein and 13S ElA, we
observed transcriptional activation (Fig. 7). This result is
consistent with a recent report that describes the ability of 13S
ElA to serve as a coactivator for CSL (36). Although this
observation is interesting, we found that it cannot easily
explain the activity of CSL in 293T cells. None of the
individual domains of CSL we tested could support transcrip-
tional activation by 13S ElA (Fig. 7), including the one
sufficient for transcriptional activation in 293T cells (amino
acids 179-500; see Discussion).
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Figure 7. 13S ElA activates full-length CSL, but not the 179-500 deletion
mutant. NIH 3T3 cells were transfected with the indicated reporter and expression
plasmids with or without a 13S E1A expression plasmid (1 png), as indicated.
Values are expressed relative to the (Gal4)s-E1b-luc reporter alone.

In contrast to 13S E1A, the 12S form of E1A often represses
transcription due to its ability to bind the coactivators p300/CBP
and PCAF (37). It is expressed in 293T cells at a level
comparable to that of 13S (35). Indeed, Notch has been shown
previously to bind PCAF and to be inhibited by 12S E1A (29).
We found that NICD-mediated activation of Gal4-CSL in NIH
3T3 cells was almost completely inhibited in the presence of
transfected 12S E1A (Fig. 8A, left). As expected, N-terminal
deletion mutants of E1A that fail to bind PCAF (A2-36 and
A38-67) (37,38) were less effective. We also tested a mutant



Nucleic Acids Research, 2001, Vol. 29, No. 11 2289

A Relative Activity Relative Activity
- N w = N w »
[} o <) = (=} =} =} o =}
| 1 1 1 1 1 | | L | 1 1 1 | 1
[Gald]s-E1b-luc 3T3 2931
+ Gal4-CSL
++ 128 E1A
++ 128 E1A(A2-36)
++ 128 E1A(A38-67)
++ 128 E1A(CDX1) Plus
NICD
B Relative Activity
) 3 58 8 8 8
] 1 | i | |
(CSL)4-luc
293T
+12S E1A

+12S E1A(A 2-36)

+12S E1A(A38-67)

+128 E1A(CDX1)
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E1A (CDx1) (39) that cannot bind the retinoblastoma protein
and found that it can also inhibit Notch, but not to the same
extent as wild-type 12S E1A (Fig. 8A, left).

12S E1A also inhibited activity of Gal4-CSL in 293T cells
(Fig. 8A, right). However, unlike what was observed for
Notch-mediated activation, the N-terminal deletion mutants of
12S E1A were equally effective in inhibiting Gal4-CSL while
the E1 A mutant that cannot bind Rb was much less inhibitory
(Fig. 8A, right). Similar results were obtained with a reporter
that measures the activity of endogenous CSL in 293T cells
(Fig. 8B). These data argue that while PCAF (and possibly
p300/CBP) is important for Notch-mediated activation in NIH
3T3 cells, it is either not important or not used in the same way

for activation of CSL activity in 293T cells. We conclude that
activity of CSL in 293T cells relies on distinct coactivators.

DISCUSSION

CSL is a central player in the Notch signaling pathway in
vertebrates. In the cases examined thus far it functions as a
transcriptional repressor in the absence of the NICD and as a
transcriptional activator in its presence. NICD binds CSL
directly, displaces corepressor proteins and recruits coactiva-
tors by virtue of its own activation domain. Here we provide
evidence that CSL has the potential to activate transcription in
the absence of added NICD. Our data raise the possibility that
transcriptional events generally considered to be Notch-dependent
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may be activated by other signals as well. Our data are
consistent with a recent report that draws a similar conclusion
for Drosophila Su(H) (30).

The possibility that CSL is activated in trans in 293T cells
independently of Notch is supported by two observations.
First, activity of CSL in 293T cells requires a domain
comprising amino acids 179-500, whereas that needed for
NICD-mediated activation is smaller, consisting of amino
acids 179-361. We have verified that the larger domain is not
simply more effective at recruiting low levels of NICD in vivo,
despite a recent report that shows that the C-terminal region of
CSL can bind the Notch ankyrin repeats in vitro (31).
Secondly, the effects mediated by mutant E1A proteins
indicate that the coactivators utilized by NICD (e.g. PCAF) are
distinct from those utilized by CSL in 293T cells. This latter
conclusion is particularly relevant since 293T cells express low
levels of E1A proteins. Although 13S El1A did stimulate
activity of full-length Gal4-CSL fusion protein in NIH 3T3
cells, it did not stimulate a Gal4-CSL fusion protein containing
the domain sufficient for activity in 293T cells. It has been
reported recently that 13S E1A binds to the N-terminal region
of CSL in vitro (36), yet we observed no stimulation by 13S
E1A of a Gal4 fusion protein containing only this region in
vivo. Although further experiments will be required to map the
region of CSL that is necessary and sufficient for in vivo
activation by 13S E1A, it does not correspond to our activation
domain. Combined with our observation that the 12S E1A
inhibited both Notch-mediated and 293T cell-mediated activa-
tion of CSL, we conclude that the E1A proteins are not respon-
sible for activating CSL in 293T cells.

The activity of CSL in a particular cell is determined by its
relative recruitment of coactivators and corepressors. Although
we have not undertaken an extensive analysis, it would appear
that in most cell lines CSL recruits corepressor proteins
predominantly. NICD shifts this balance in favor of coactiva-
tors first by displacing bound corepressors and secondly by
directly recruiting coactivators such as PCAF. Our results
suggest that even in the absence of NICD, CSL can bind
coactivators. This can be observed when the effective concen-
tration of corepressors is artificially reduced (e.g. in NIH 3T3
cells expressing high concentrations of CSL; Fig. 6). 293T
cells represent a natural situation in which coactivator recruit-
ment by CSL happens to be dominant, despite the presence of
COrepressors.

It is clear that the activity of coactivators and corepressors
can be regulated at many levels. Modifications of DNA
binding proteins can dictate the recruitment of coactivators as
exemplified by CREB (40) or the relative recruitment of
coactivators and corepressors as exemplified by nuclear
hormone receptors (41). It has been shown that components of
certain corepressor complexes, specifically class II histone
deacetylases, can be regulated at the level of nuclear export
(42,43). The manner in which such regulatory networks
impinge on CSL activity remains to be determined. Indeed,
future studies will need to focus on identifying the coactivators
used by CSL. Our experiments argue against an important role
for PCAF and p300/CBP since inhibition by 12S E1A did not
require domains at the N-terminus known to bind PCAF and
p300/CBP (37). In contrast, E1 A-mediated inhibition of NICD

correlated with PCAF and p300/CBP binding, consistent with
published reports (29).

It is also possible that cell type-dependent modifications of
CSL may affect the recruitment of these coactivators. Support
for cell type-specific modifications of CSL comes from
Coligan and colleagues (44) who purified a DNA binding
activity by virtue of its ability to bind an NF-kB site and found
CSL instead of NF-kB. They went on to show that CSL from
other tissue sources was unable to bind their NF-kB probe.
This was a property unique to the thymus-derived CSL (in both
crude and highly purified forms) and it was postulated to be
due to a modification of the CSL protein that relaxed its DNA
binding specificity. The nature of the proposed modification is
not known. While these data are intriguing, our experiments
indicated that CSL proteins from both NIH 3T3 and 293T cells
display similar DNA binding specificities, binding well to the
CSL consensus and weakly to the NF-kB site (data not shown).

One coactivator known to mimic Notch activity is the
EBNAZ2 protein of Epstein—Barr virus (16,24). Although not a
coactivator in the strictest sense, EBNA2 binds CSL and is also
likely to recruit cellular coactivators. It is possible that 293T
cells harbor a similar bridging protein that recruits coactivators
to CSL. Interestingly, we found that the 13S form of E1A
stimulated activity of a Gal4-CSL fusion protein and may thus
possess the properties of such a bridging protein. While inter-
esting, 13S E1A did not activate through the minimal CSL
activation domain and, thus, its presence cannot easily explain
the activity of CSL in 293T cells.

Our findings that CSL can be activated by Notch-inde-
pendent means may have broad implications. Notch is known
to exert profound effects on a variety of developmental
processes and our results provide evidence that certain cellular
environments may mimic activated Notch. Results from Ziff
and colleagues may provide clues as to what these environ-
ments might be (45,46). They have shown that wnt-mediated
transformation of PC12 cells is associated with downregulation
of the proneural gene MASH-1 and upregulation of HES-1, two
events that normally reside downstream of Notch activation.
Furthermore, they have shown that activation of HES-1 tran-
scription is correlated with stimulation of the HES-1 promoter,
largely through two of its three CSL binding elements.
Whether wnt-transformation mimics the effects we observe in
293T cells remains to be determined. Results with Drosophila
indicate that Su(H) activates transcription in the absence of
Notch only in socket cells of the bristle organ and is therefore
not a consequence of widely used signaling pathways such as
wingless (30). Accordingly, even though 293T cells are highly
transformed and therefore not representative of normal cells, it
may not be surprising if the effects we see are ultimately
limited to a small number of select cell types.
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