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Egr1 target genes that regulate growth/survival of prostate cells. 

INTRODUCTION 
Immediate early growth response-1 gene, EGR1 (also called Zif268, NGFIA, TisB and Krox24) 
(Christy et al., 1988; LeMaire et al., 1988; Lim et al., 1987; Milbrandt, 1987; Sukhatme et a!., 1988) 
encodes a zinc-finger transcription factor whose expression is elicited in response to a diverse 
variety of extracellular signals, including growth factors, cytokines, phorbol esters, irradiation, and 
stresses of many kinds in a rapid and transient manner. Egri is a protein that can bind to a GC-rich 
element in the promoters of a range of target genes. Growth factor stimulation of most cells leads to 
rapid induction of Egri within minutes that leads to the activation of downstream growth pathways in 
normal cells. Egri can also suppress growth when over-expressed or re-expressed in transformed 
cells (Huang et al., 1998b; Huang et al., 1995). The cellular responses to Egri are also duplicitous in 
relation to apoptosis. Egri can induce apoptosis either by stimulating p53 expression (Ahmed et al., 
1997; Ahmed et al., 1996; Nair et al., 1997) or PTEN expression (Virolle et al., 2001). However, Egri 
can also promote survival in other cell types (de Belle et al., 1999; Huang et al., 1998a; Huang and 
Adamson, 1995; Nair et al., 1997) by slowing growth via p21/Cip1 induction. It appears that Egri can 
act as a tumor suppressor in some cells but as a growth stimulator in others. An example of the 
latter is in human prostate tumors where Egri is over-expressed (Eid et al., 1998; Mohiuddin et al., 
1997; Thigpen et al., 1996) but is low or absent from normal prostate tissue. Moreover, the level of 
Egri increases with the degree of malignancy as measured by the Gleason score of the tumor 
(Gleason, 1988) (Eid et al., 1998). Mouse models using Egri knockout and transgenic mice (the 
TRAMP mouse model) support the conclusion that Egri is required for tumor progression. 
(Abdulkadir et al., 2001; Baron et al., 2003; Virolle et al., 2003). This is significant and specific to 
prostate tumor cells because in mammary, lung and glial tumors, Egri, is not over-expressed. 

The protein products of the paralog genes, p300 and CBP (also known as CREB binding protein, 
CREBBP), are large and possess multiple binding domains for at least 30 transcription factors that 
allow them to act as multifunctional adapter proteins with acetyl transferase activity for transcription 
factors and for histones. Thus, they affect chromatin structure and can have multiple effects on 
downstream target genes (Frisch and Mymryk, 2002). The protein pair, p300/CBP, is important in 
both cell cycle progression and cellular differentiation and has been shown to interact with 
components of the RNA polymerase II holoenzyme, transcription factors, and nuclear hormone 
receptors and their co-activators. Mutations in the transcription factor binding domain of these 
genes occur in several types of tumors (Kasper et al., 2002). Transcription factors regulated by 
acetylation via p300/CBP include Myb , Creb, Ets-1, p53, c-Jun, c-Fos, MyoD, Stati, Stat2 and AR. 
CBP and p300 associate with PCAF, and all have histone acetyltransferase (HAT) activity . The 
complex formed between CBP/p300 and PCAF is disrupted by the adenoviral protein E1A 
(Chakravarti et al., 1999), leading to suppression of p53 transactivation (Somasundaram and El- 
Deiry, 1997). The amino terminal 80 amino acids of El A also binds p300 and CBP, to block the 
acetyltransferase activity and effectively negate their co-activation roles (Dorsman et al., 1997; 
Eckner et al., 1994) and this has proved a valuable tool in these studies. Thus loss of complex 
formation with p300/CBP occurs to affect transactivation of the target genes. The transcriptional 
regulation of p300/CBP has not yet been described. It has already been reported that both Egri and 
p53 activities are upregulated by the activity of p300/CBP and that there is a physical interaction of 
the p300/CBP proteins with p53 and Egri while co-activating their transcriptional activities (Lill et al., 
1997; Shikama et al., 1999; Silverman et al., 1998). 
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SCIENTIFIC BODY 

The SOW is in three parts. The report below includes activities and positive results on all three 
Tasks listed except for EMSA measurements that became redundant by the clear indication of the 
binding or Egr1 protein to the p300 and CBP promoters using the superior assay of chromatin 
immunoprecipitation. 
I can report therefore that all Tasks have been undertaken but not yet completed to the highest 
degree due to the complicated inter-relationship between Egr1 and its target genes p300 and CBP 
that I uncovered (See Figure 11 in the Appendix). The results have deep implications for very 
versatile regulatory loops that would be required for such an important biological control system 
involving genes that regulate growth, survival and apoptosis of cancer cells. 

The results are described next (with figures in the Appendix):- 
The promoters of p300 and CBP are highly GC-rich and contain many consensus and other binding 
motifs for Egr1 transcription factor. This prompted us to determine if alteration of Egr1 expression in 
cells that express Egr1 constitutively, might regulate p300/CBP. Figure 1A shows that reduction of 
Egr1 levels with antisense oligonucleotides affects the expression levels of p300/CBP in prostate 
cancer cells. Uptake of the highly specific oligonucleotides described previously (Virolle et al., 2003) 
by transfection of the malignant prostate cancer cell line, M12 completely negated Egr1 expression 
at 0.2pM and also drastically reduced p300 and CBP protein (Figure 1A) and mRNA expression 
(Figure 1B). Over-expression of Egr1 in contrast increased p300/CBP expression (see data below) 
These results led to the following study that defined the role of Egr1 chiefly in prostate cancer cells 
to show that the regulation is not simple and involves several feedback loops. 

The promoter and 5'-UTR fragments of CBP and p300 genes contain many potential Egr1 
binding sites 
The CBP and p300 regulatory sequences including 2-kilobase (kb)-promoter sequences and 5'-UTR 
sequences upstream of the translation start site were analyzed for Egr1 binding sites (EBS). Egr1 
binds to the consensus sequence GNGNGGGNG (Pavletich and Pabo, 1991) and to a variant EBS 
in the PTEN promoter GCGGCGGCG (Virolle et al., 2001). These are proven EBS and together with 
sequence GCGG/TGGGCG can be regarded as Egri binding sites as well as binding sites for the 
Wilm's tumor protein, WT1. WT1 generally inhibits the transcription of the same genes that Egri 
induces. Using only the highest affinity binding sequences GNG(T/G)GGG(T/C)G (Hamilton et al., 
1998) for Egri, we found that there are 6 and 7 sites in the p300 and CBP regulatory regions, 
respectively, and labeled a through f in Figure 2A. 

p300 and CBP promoter-luciferase reporter genes were constructed as described in the 
Experimental procedures section, pGL3-p300 and pGL3-CBP, as constructs containing the 5' non- 
coding region of the genes. The reporter construct was also made with putative EBS mutated at 3 or 
4 consecutive bases, to yield single site and multiple site mutated versions to determine which sites 
are active. Figure 2B indicates that for the p300 promoter, all sites have some activity in H4 cells 
after transfection of an Egri vector, such that p300mut-abcdef was not activated by Egri, while wt 
reporter was expressed at 6-fold higher levels compared to the empty vector, pcDNA3. Intermediate 
values obtained for double mutants became lower as all sites were mutated. There was little 
distinction between "perfect consensus" sites and non-consensus sites, all EBS added some activity 
to the 6-fold increase in p300 promoter activity (Figure 2B) but a graded response was evident 
based on how many EBS were available. Similarly, the CBP-luciferase contruct was tested on pGL3- 
full-length CBP and on pGLCBP with one mutated EBS, and similar results were obtained, except 
activation was lower at 5-fold (data not shown). 
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Egr1 binds directly to CBP/p300 regulatory sequences in vivo 
In order to assess whether direct binding of Egr1 to the CBP or p300 regulatory sequences occurs in 
intact cells, we performed chromatin crosslinking with formaldehyde followed by immunopreclpitation 
with antibodies to Egr1. To detect DNA binding under two different conditions, Egr1 levels were 
induced in DU145 prostate carcinoma ceils by the addition of serum for 1 h or 2 h after UV 
irradiated M12 ceils. The sonicated chromatin fragments were processed essentially as described 
(de Belle et al., 2000) for chromatin immunopreclpitation (ChIP) with antibody to Egr1. PCR was 
used to detect DNA specific to CBP and p300 promoters that had been pulled down by the anti- 
Egr1. Figure 2C shows that the fragments B, and C in CBP ChlP products contain Egr1 binding 
sites, since primers specific to that fragment showed a DNA product in the anti-Egr1 (aE) and the 
DNA input (positive control) lanes in B and C but not for A fragment. Similarly, the p300 promoter 
and 5' regulatory sequences were represented by fragments A to D. All of these DNA fragments 
were shown to contain EBS that bound Egr1 since the anti-Egr1 immunoprecipitated a DNA 
fragment that was detected by PCR using specific primers. The same DNA samples were also used 
for amplification using primers to detect cyclophilin in the ChIP products as a negative control. An 
additional control was provided by the inability of non-immune serum to immunoprecipitate these 
DNA fragments. This demonstrated that Egr1 can bind directly to most of the binding consensus 
sequence-containing fragments that we tested and it does so in live cells that express endogenous 
Egr1. We next asked whether this binding has an effect on the regulation of the gene when 
endogenous Egr1 is elevated by a stimulus such as serum or UV-C irradiation. 

p300 and /CBP are up-regulated by Egr1 in serum-induced prostate cancer cells and in 
mouse embryo fibroblasts (MEFs) 
Metastatic prostate cancer cells, M12, were made quiescent by serum starvation and then were 
serum stimulated. mRNA levels were assayed by quantitative RT-PCR over a time course from 15 to 
120 min. Figure 3A shows that the levels of Egr1 mRNA were maximal at 30-45 min while p300 and 
CBP mRNAs rose slowly and were maximal at 60 min. Western blots to assay protein levels over a 
longer time course were made in 6 cell lines. In wt MEFs, Egr1 protein was maximal at 1h, while 
p300 and CBP peaked at 3h. As expected, if Egri is regulating transcription of the p300/CBP 
proteins, no changes were seen in Egri null MEFs (Figure 3B). Different levels of proteins were 
seen in four different prostate cell lines serum starved and then stimulated with 20% serum, and the 
same pattern was observed. We concluded that independent of the cell type, Egri induction by 
serum increased the expression of the p300/CBP genes (Figure 3C). 

CBP/p300 genes are directly down-regulated by Egri during UV irradiation-induced signaling 
We showed earlier that ultraviolet-C (UV-C) irradiation upregulates the production of Egri protein 
(Huang et al., 1996). We used UV-C irradiation to stimulate endogenous Egri levels in four prostate 
cell lines to show that 2 h after irradiation with UV-C at 40 Jm'^ the mRNA levels of CBP and p300, 
quantified by real time one step RT-PCR, were downregulated in these four cell types. Compared to 
P69 cells, the inhibition of mRNA levels for CBP and P300 in M12 cells was greater. In M12 cells 
and P69 cells, p300 mRNA levels were 6.7-fold and 1.5 fold lower, p<0.01, respectively. For CBP, 
Ml2 gave 2.7-fold and P69 gave 1.5 fold lower mRNA levels than untreated cells with p<0.01 
(Figure 4A). 

The results of Western blot analyses in Figure 4B are consistent with mRNA levels, to show that 
2.5h after irradiation with UV-C at 40 Jm"^ , Egri was elevated in all four cell lines, while CBP and 
p300 proteins were obviously decreased in DU145 and M12 cells, indicating that these two genes 
were down regulated when Egri was elevated. However, both CBP and p300 were not much 
changed in the normal 267B1 and low tumorigenic P69 cell lines (Figure 4B) suggesting that 
perhaps highly transformed cells were affected the most. 

Since the protein levels of p300 and CBP after UV-C irradiation of DU145 and M12 cells are strongly 
reduced while Egri is elevated in this condition we concluded that Egri appears to be responsible 
by direct transcriptional down-regulation by binding to the promoters of CBP and p300 and inhibiting 
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their transcription rate. As a further test, we applied antisense (AS) Egr1 oligonucleotides to the UV- 
C irradiated M12 cells to reduce the Egr1 expression level specifically without affecting other gene 
products. Figure 4C shows the resulting mRNA levels by QRT-PCR (left panel) and protein levels 
by immunoblotting (right panel) in the M12 cells, 2h and 2.5 h after irradiation, respectively. In this 
case Egr1 protein levels were significantly reduced (Fig 4C) by the AS oligonucleotide treatment 
compared with the cells that were treated with scrambled oligonucleotides (SCR). In parallel, the 
level of CBP and p300 mRNAs and proteins were elevated, indicating that in the absence of Egri, 
both p300 and CBP genes are expressed at higher levels. These results are consistent with UV-C 
induced Egr1 causing the transcriptional inhibition of the expression of p300/CBP. 

What is the mechanism of this differential response to elevated Egr1 levels? 
First we set about proving that the Egr1 induced by serum and Egr1 induced by UV-C were different 
in their transactivating properties. Using dual luciferase reporter assays, we demonstrated that 
serum and exogenous Egr1 induce p300 and CBP promoter-luciferase activity in M12 (not shown) 
and 293t cells (Figure 5A). Transfection of WT1 strongly decreased luciferase as did the Egr1 
dominant negative construct (WT1/Egr1) (Drummond et al., 1992; Rauscher, 1993) or UV-C. This 
result suggests that Egr1 is the agent responsible for up-regulating p300 and CBP promoters, and 
that preventing activated Egri from binding, blocks this effect. 

We and others have shown that Egr1 becomes phosphorylated in activated cells (Cao et al., 1992; 
Huang and Adamson, 1994) and several kinases have been shown to interact with Egri. Evidence 
in the literature suggests that Egri is physically associated with casein kinase2 (CK2) and in NIH3T3 
cells this results in phosphorylation of Egri and accounts for decreased DNA binding and reduced 
transactivating activities of Egri (Jain et al., 1996; Srivastava et al., 1998). We know that UV 
irradiation does not prevent Egri from binding to promoters that it regulates (Fig 2XX), therefore we 
tested whether any common kinase inhibitors affected the reporter activities, this time in H4 cells 
(which have no Egri expression and Egri is non-inducible by serum or UV-C) in the absence or 
presence of H7, an inhibitor of PKA, PKC and PKG; Genistein, an inhibitor of PKA, PKC and tyrosine 
kinases; Tyrphostin AG1112, also a tyrosine kinase inhibitor; or DRB and Apigenin (Ser and Thr 
phosphokinase inhibitors of CK2). Figure 5B indicates that as expected, exogenous Egri induces 
luciferase activity and this is reduced after UV-C irradiation. This lower level remains unchanged with 
the addition of three kinase inhibitors, while CK2 inhibitors restored luciferase expression levels to 
that achieved by Egri alone, suggesting that CK2 plays a role in the inhibitory effect of Egri after 
UV-C treatment. An immunoblot study in Ml2 cells showing p300, CBP, Egri and acetylated Egri 
expression was perfectly consistent with this result (data not shown). Although inhibitors of kinases 
only partially inhibit activity at non-toxic levels, the results indicate that CK2 plays a role in the 
regulation of transcription by Egri. 

Egr1 is phosphorylated in a CK2-dpendent manner 
To determine if Egri in cells is phosphorylated differentially according to the stimulus, M12 cells 
were subjected to radioactive inorganic pPi]-phosphate labeling, after a stimulus of serum or UV-C, 
and in the absence or presence of DRB, an inhibitor of CK2. CK2 is induced by UV-C in a 
mechanism involving p38 MARK (Kato et al., 2003). The immunoprecipitated Egri after UV-C 
irradiation showed that Egri was strongly phosphorylated and this was reduced to one third by the 
inhibitor of CK2, DRB (Fig. 5C). In contrast, serum stimulated cells were weakly phosphorylated in 
the presence or absence of DRB. We concluded that UV-C irradiation leads to the induction of 
phosphorylated Egri that acts to repress the transcription of p300/CBP. 

Feed-back regulation of Egri transcription byEgrI and by p300/CBP 
We noticed that the Egri promoter has three high affinity Egri binding sites that could self-regulate 
its transcription. We tested this by using an pGL3-Egr1 promoter-luciferase reporter gene in 293T 
cells transfected with Egri as well as p300 and CBP expression vectors. Figure 6A shows that Egri 
increased the transactivation of its own promoter two-fold while p300 and CBP expression 
decreased Egri-luciferase transcription also by about two-fold. In contrast, the transfection of full- 
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length E1A increased Egri transactivation, presumably by binding to p300/CBP to prevent the co- 
activators from inhibiting the Egri promoter reporter. This suggestion was further supported by 
transfecting RNAi against p300 and against CBP into H4 cells where Egri is not detectable, to show 
first that CBP and p300 are inhibited in transcription (Fig 6B) and in translation (Fig 6C). Then we 
applied the RNAi to H4 cells to find that Egri mRNA was increased 3-fold and 12-fold, respectively, 
by RNAi to CBP or RNAi to p300. Moreover, EIA amino-terminal and full-length E1A vectors 
transfected into H4 cells increased Egri mRNA levels by 40- and 100-fold respectively (Fig 60). 
Egri protein also appeared after EIA transfection although in low amounts in these cells (data not 
shown). These results indicate that removal of p300 and CBP allows the expression of Egri in cells 
that were always supposed to be Egri null. Thus a negative feedback loop by p300/CBP could be 
operating in some or most cell types in order to curtail any long-lasting effects of high Egri levels. 

Egr1 can be acetylated by p300/CBP in vivo and forms a complex with p300/CBP with 
negative feedbacit activity. 
p300/CBP bind transcription factors at one of several cysteine and serine-rich (C/H) domains to form 
complexes for transcriptional co-activation. One of the requirements for stabilizing these complexes 
is the acetylation of the TF at a basic consensus sequence. A potential acetylation site (KDKK) 
occurs at amino acids 424 to 428 in Egri, close to the third zinc finger, as the end portion of the 
nuclear localization signal which is unusual in that it includes all three zinc fingers and does not rely 
solely on basic residues (Matheny et al., 1994). This motif is very similar to that in p53 (KSKK) and 
other transcription factors that are acetylated by p300/CBP. We first tested if Egri is acetylated 
using cells that were treated with Trichostatin A (TSA) to inhibit deacetylases. Culture of M12 
prostate cells with TSA for 6h increased the effectiveness of the acetyl transferases of the cells so 
that the proportion of Egri that was acetylated was increased as shown using anti-acetylated lysine 
antibodies (Figure 7A row 4) compared to the total immunoprecipitated Egri (Fig 7A, row 3). TSA at 
2 |JM had a maximal effect on increasing acetylated Egr1 levels (lane 4). As a result, the expression 
of p300 decreased in a dose dependent manner (Fig 7A, top row), The levels of each protein in Fig 
7A suggest that deacetylase-depletion in the cells results in increased levels of acetylated proteins, 
as seen for Egri (Fig 7A, bottom row) and that this acetylated form of Egri is the species that 
inhibits p300 expression (Fig 7A, top row). 

We then determined if acetylation of Egri occurred at the KDKK site by mutating these residues 
singly or in combination in an Egr1 expression construct with a Flag tag for co-immunoprecipitation, 
and immunoblotting after transient transfection into 293T cells. In Figure 7B we used Flag-tagged 
Egri and HA-tagged p300 in order to use a combination of immunoblotting (upper panel) and co- 
immunoprecipitation (lower panel). Immunoblotting showed that each construct was expressed in 
addition to endogenous p300, but p300 was best expressed in the presence of the Ac-mut Egri 
(KDKK to aDaa) (Fig 7B, row 3, lane 8). The same lysates immunoprecipitated with anti-Flag-tagged 
Egri, co-precipitated p300 (Fig 7B, lower panel) as a complex with wt Egri or its two mutant forms. 
Only the triple Ac-mutant Egr1-aDaa was unable to interact with p300 and was unable to pull down 
much p300 (Fig 7B, lane 8). But since the western blot shows that p300 was expressed best under 
these circumstances, we concluded that mutant Egri was still competent in inducing p300/CBP 
transactivation because all Egr1 forms were able to stimulate p300 or CBP transactivation compared 
with non-acetylated Egri (compare lower panel, lane 8, row 2, with lanes 2, 4 and 6). The non- 
acetylated mutant, Egr1-aDaa, was unable to co-immunoprecipitate with p300 while the acetylated 
forms were capable in this respect (Fig 7B, lanes 2, 4 and 6). The effect of serum is to induce 
p300/CBP via Egri which is then acetylated and now binds to p300/CBP. In contrast, it appears that 
phosphorylated Egri plays the role of inhibiting transcription of p300 following the UV-irradiation of 
cells (Figure 5C). 

The following results suggest that the complex of Ac-Egri with p300/CBP has a different effect on 
the transcriptional regulation of p300/CBP compared with Ac-mutant Egr1. This was tested in 293T 
cells (which express endogenous wt-Egr1) by transfection of several expression vectors in order to 
measure the transcriptional effect of exogenous wt-EgrI versus Ac-mutant Egri, transfected 
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together with p300 or CBP expression vectors on the p300 promoter-luclferase construct. Figure 7C 
shows that even without extra Egr1 (No Egr1 bars) the expression of p300 or CBP was able to inhibit 
transactivation of the promoter. Similarly, the presence of wt-Egr1 (KDKK), inhibited transcription in 
a fashion that suggested that the p300/CBP is acetylating the Egr1 to cause the inhibition. This was 
supported by the transfection of Ac-single, or double or triple mutant forms of Egr1, the last of which 
was unable to inhibit the transactivation of the p300 reporter. This means that there is a negative 
feed-back loop on p300 transcription by the Ac-Egr1/p300/CBP complex but not by the non- 
acetylated Egrl, since this form increases the transcription of p300. 

Conditions fortlie acetylation ofEgrI 
We hypothesized that after serum stimulation, new Egr1 protein is not acetylated at its peak (1h) 
expression level, but only later after it has stimulated p300/CBP, when it becomes acetylated by its 
product and perhaps to alter the range of its target genes (see below). By this time p300/CBP 
expression is high and can then inhibit the transactivation of Egr1 as described in the section on 
feedback inhibition. We tested this using a time course of serum or UV stimulation in M12 cells 
(Figure 8A). Only in UV irradiated cells does Egrl protein level increase starting at 1h and remain 
high for 3-4 h. Only in UV irradiated cells does p300 decrease most when Egr1 is at its highest. 
Therefore Egr1 might be mainly un-acetylated in UV irradiated cells but may be rapidly 
phosphorylated (Figure 50) and hence become less able to transactivate (Jain et al., 1996). 
Immunoprecipitation of Egr1 in these samples shows that acetylated Egr1 in the IP is highest in 
serum-stimulated cells only after 2-3 h (Figure 8B, row 1) which is in temporal agreement with the 
highest levels of p300 in Figure 8A. In untreated cells, the initial levels of acetylated Egrl are 
moderately high and decrease only after 3 h in UV-0-treated cells (Fig SB, lane 4) in accord with the 
results of Fig 8A. Immunoprecipitation of Egrl in M12 cells compared with P69 and DU145 shown in 
Figure 80 indicates that this result is common to three different prostate cancer cell lines. The 
untreated cells have high levels of acetylated Egr1 suggesting that p300 must keep acetylation high 
until UV irradiation causes Egr1 elevation, followed by reduction of p300 expression to low levels as 
Ac-Egri inhibits transcription. Thus we conclude that acetylated Egrl is stable or actively maintained 
at high levels in serum-stimulated cells, while a genotoxic stimulus causes a net gain of 
phosphorylated Egr1 (Fig, 50) that has an inhibitory effect on the transcription of p300 (Fig 8A). 

Furtiier test of Egrl stabilization by acetyiation. 
We have shown that in addition to acetylation of Egr1 by p300 or OBP, a complex of the two proteins 
may allow both to become more stable and more active. To test the conditions for Egrl stability, 
293T cells were transfected with Flag-tagged wt Egrl or Ac-mut Egr1, with or without the addition of 
HA-tagged p300. All were well expressed as shown in the immunoblot in Figure 9A. When the cells 
were immunoprecipitated with anti-Flag, the immune-complex contained acetylated Egrl when wt- 
Egrl was present in the cells (Fig 9A, lane 2, row 7). No mutAc-EgrI was seen in the Egr1- 
precipitated complex. Meanwhile a sample was also treated with cycloheximide (OHX) to inhibit 
protein synthesis and allow the degradation of short-lived proteins. As a result (Fig 9A, row 6) only 
the Egr1 that had been acetylated (lane 2) was substantially preserved 1h after OHX addition and 
even more stable when in the presence of excess p300. This is a direct demonstration of the 
improved stability of acetylated Egr1 when complexed with p300 . 

In the stabilized complex of p300 with Ac-Egr1 there may be other factors that affect 
transcription, such as p53, however, p53 is inactivated in 293T cells. We tested co- 
immunoprecipitated proteins using anti-Flag-Egr1, for other proteins that may also bind specifically 
to Egrl or to the Ac-Egr1/p300 complex. Figure 9B shows that while only acetylated-Egr1 binds well 
to p300, MDM2 and p53 are also both able to bind the Ac-Egr1 complex as well as non-Ac Egrl in 
the absence of p300 (Fig 9B, lane 1, rows 4 and 5). It is possible that the binding of MDM2 to non- 
Ac-Egr1 is indirect through binding to p53 which is known to bind to Egr1 (Liu et al., 2001). 

Non-acetylated/phosphoryiated Egr1 is more active in regulating genes towards apoptosis 
while acetylated Egr1 is required for the regulation of growth and survival genes. 
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Cells in culture for the most part respond to 20% serum after starvation by stimulation of Egr1 and 
then this upregulates its target genes that are known to lead to growth and survival. In contrast, cells 
that are UV-C irradiated (40 JM'^), cause growth arrest, repair of DNA damage and/or apoptosis. 
We therefore studied 8 known or suspected Egr1 target genes to determine if highly-acetylated Egr1 
produced a different result compared with under-acetylated Egr1 (UV-C). We applied quantitative 
RT-PCR to measure the levels of mRNA produced in M12 prostate cancer ceils. Figure 10A shows 
that serum strongly induced the expression of FGF2, IGF2, PDGFB, and was less active in inducing 
TGFpl, BCL2, NFkB, p50 and p65, while p73 was inhibited. The stimulus of UV-C, on the other 
hand reduced the expression of FGF2, IGF2, NFkB and BCL2, while increasing the expression of 
PDGFB and p73 with a small effect on TGFpi This effect could be produced by under-acetylated 
Egr1 or by phosphorylated Egr1. To demonstrate this point in a different way, a transient expression 
study was used in 293T cells, by measuring the mRNA levels of the same genes after transfection 
with wt-Egr1 or Ac-mut-Egr1 with or without exogenous p300. The results in Figure 108 show that 
for the six target genes which wt-EgrI induces (FGF2, PDGFB, TGFpi, NFkB p50 and p60), the 
non-Ac-EgrI was inactive in accord with the previous conclusion that serum-stimulated genes 
require acetylated-EgrI for transactivation. For genes p53 and p73, mRNA levels were increased 
only by non-acetylated-Egr1 as seen in UV-C-induced cells. For p73, we investigated the effect of 
acetylation on the induction of the three isomers, a, p and y, as well as p53 and actin to show that 
the non-acetylated form of Egri stimulates the expression of all protein isoforms three-fold more 
efficiently than wt-EgrI (Figure 10C). The non-acetylated form predominates in UV-C treated cells 
and up-regulated p53 and p73 then results in an increase in susceptibility to apoptosis. 

Ml2 cells express a moderate level of Egri as a constitutive protein and we have shown that 
at least some of this is already acetylated. This is consistent with the constant stimulation of the 
growth factor genes by constitutive acetylated Egri that gives this cell line its transformed character 
and survival properties. We estimated the effect on survival by measuring the level of cell death in 
M12 cells expressing exogenous genes, such as CBP RNAi, p300 RNAi, both RNAis, E1A(1-80), 
and EIA wt in a series wherein the % of dead cells was increased (Figure 10D, lower trace). The 
percentage of dead cells was counted as Trypan Blue-stained cells after 24h together with the total 
number of cells alive or dead in triplicate dishes. The reduction of the number of cells in the last 
three conditions indicates that cell proliferation declined in these samples in addition to increasing 
levels of cell death. These samples all had reduced p300/CBP protein that would increase Egri 
transcription but also reduce the stability of Egr1 protein while increasing the activation of p53 and 
p73, and in consequence reduce the growth and survival of these prostate cancer cells through 
increased ability to stimulate the apoptotic genes. 

This paper demonstrates that the transcription factor Egri is a key component in the early responses 
to environmental signals that regulate a large group of transcription factors through its regulation of 
the coactivators p300 and CBP. We have focused on the response to serum after serum starvation 
and the response to UV-C because the effects of Egr1 appeared to be diametrically opposed. 
Whereas serum-induced Egri caused up-regulation of p300/CBP (Fig.3), UV irradiation lead to 
down regulation of the promoter reporter construct (Fig. 4). This was a surprising result and we 
sought to determine the mechanism. As a result, we found that many more complicating events 
occurred during the responses of cells to these extracellular stimuli. We found that a signal to up- 
regulate Egri expression could be self-sustained by positive feedback of Egr1 protein on its own 
transcription (Fig. 6A). In contrast, after the transactivation of the p300/CBP promoters by Egr1, a 
negative feedback of p300/CBP on Egri transactivation occurs (Fig. 6B,C,D) and also a negative 
feedback loop operated by acetylated Egri or by its complex with p300/CBP on the transcription of 
p300/CBP occurs (Fig. 8A,B,and the scheme is summarized in Figure 11). When UV-C is the 
stimulus however, Egri is induced as a phosphorylated entity (Fig. 5C) and this form is repressive to 
transcriptional activity of the promoters of p300/CBP (Fig 5A,B). We cannot exclude the possibility 
that the ratio of acetylated to non-Ac-EgrI or to phosphorylated Egri is the important trigger to its 
choice of activities. Reduced levels of p300/CBP exclude the acetylation of Egri or reduce its level 
compared to levels of phosphorylated Egr1. The effect of specific phosphorylation sites on Egri has 
not been explored to any extent yet because of the large numbers of possible phosphorylated 
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residues that present a problem in mapping and analyzing. The biological result of the serum- 
induced pathway is that acetylated Egr1/p300/CBP complexes activate growth and survival, while 
UV-C irradiation leads to gene regulations that slow growth and that lead to apoptosis. This explains 
some of the dual roles of Egr1 in cellular responses and physiology. 

From the work of Silverman et al, (Silverman et al., 1998) it was suggested that interactions of p300 
and CBP with Egri resulted in the potentiation of the transactivation activity of Egrl This occurs in 
the case of p300/CBP and p53 and might therefore be true for most transcription factors that interact 
with p300 (Sakaguchi et al., 1998). We show here that for Egr1 potentiation by p300/CBP occurs for 
a selection of target genes only (Fig. 10). Of the transcription factors that bind to p300/CBP, some 
bind to the C/H1, some to C/H2 or to C/H3 binding domains, therefore, effects of p300/CBP might be 
seen for several transcription factors simultaneously. For example, in lipopolysaccharide stimulated 
macrophages, Spl, Egrl, Ets/Elk, ATF2 and c-Jun, are all bound by p300/CBP to activate the TNFa 
gene promoter (Tsai et al., 2000). Here we show that acetylated Egrl or its complex with p300/CBP 
proteins are inhibitory to the transcription of the p300/CBP and Egrl genes (Fig. 7C, Fig 6D). 

In summary, Egr1 responds to both genotoxic stress and to growth stimuli, with negative and 
positive actions on growth, respectively. The last attribute makes this transactivator different from Its 
model, p53. Its modes of action and its controls are similar to p53, so much so that the activities of 
Egr1 could be seen as a general factotum or surrogate to p53 when the master tumor suppressor is 
disabled (Calogero et al., 2001). Moreover, p53 cannot function in the absence of Egrl in mouse 
embryo fibroblasts (Krones-Herzig et al., 2003). It may be important to cancer control that the EGR1 
gene remains intact for the most part in cancer cells and very few mutations have been described. 
Its importance to tumor suppression is clear for breast (Huang et al., 1997), fibrosarcoma (Huang et 
al., 1998b) brain (Calogero et al., 2001) and lung (Levin et al., 1995) tumors because in these 
tissues Egrl is poorly expressed and acts as a growth and transformation suppressor when over- 
expressed. In contrast, in prostate cancer, Egrl is an important component in the transformation and 
progression of the disease by its constitutive expression. This major difference is likely highlighted 
by the fact that there are even more ways to regulate the activities of Egrl post-transcriptionally than 
p53, such that mutation of the gene is not under pressure. This fact enlarges the importance of Egrl 
in its myriad of roles and the variety of regulatory measures to modulate any large changes in its 
expression. In prostate cancer, a positive feedback loop from Egrl and from growth factor products 
on the Egrl promoter occurs to provide constitutive growth. This provides a high constitutive level of 
acetylated Egrl which is more stable. Whether the transactivating and other properties of the stable 
acetylated form are different remains to be determined, but it does affect its choice of target genes 
(Fig. 10). 

Prostate cancer tissue has high levels of p300/CBP proteins and the level increases with the 
Gleason score (Debes et al., 2003) as is the case for Egrl (Abdulkadir et al., 2001; Baron et al., 
2003; Eld et al., 1998). High p300 levels are associated with prostate cancer growth and is a 
predictor of progression (Debes et al., 2003). This co-overexpression can now be explained by 
transcriptional activation of p300 by Egrl and sustained by growth factor targets of Egrl and positive 
feedback. For practical applications, in prostate cancer the reduction of Egrl might be effective in 
clinical treatments, because this will reduce growth factor induction and positive feedback. Low Egrl 
would still be inducible by irradiation of all kinds just as it is in breast cancer cells and this would lead 
to repression of p300/CBP and apoptosis by the activation of Egrl target genes that are induced 
after stress. These include FASL, PTEN and TNFa genes that are pro-apoptotic when activated. 
However, the number of counter-measures that the cells provide to regulate Egrl make prediction of 
a general therapy regime difficult, all the more so because of its differential effects on different 
tissues. Further animal studies (Baron et al., 2003) will help to decide if antisense Egrl might be an 
effective treatment for prostate 
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KEY RESEARCH ACCOMPLISHMENTS 

• Cloned full-length, and fragments of the EP300 and CREBBP genes for analysis of function 
• Determined that pSOO and CBP are transcriptionally regulated by Egr1 
• Shown that the relationship between Egr1 and p300/CBP is complex with 4 feedback 

regulatory loops 
• Egr1 both up-regulates p300/CBP and down-regulates these genes depending on the 

stimulus on the cells, 
• Submitted a paper to Molecular Cell, now under revision for re-submission. 

REPORTABLE OUTCOMES 
1. I have shown that Egr1 has a complex relationship with its target genes p300/CBP. 
2. All three genes are important in prostate cancer: Egr1 expressed in prostate cancer cells is 

an oncogene because growth factors and high levels of p300/CBP continually give positive 
feedback and growth. But when prostate cells are irradiated, the p300 and CBP genes in 
prostate cancer cells are induced by Egr1 to switch off, thus growth slows and DNA damage 
eventually cause cells to enter apoptosis. 

3. This is the first report of the transcriptional regulation of p300/CBP. 
4. This is the first time that it has been shown that Egr1 becomes acetylated by p300/CBP and 

binds physically to these large proteins to become stabilized. 
5. A paper is in the review process. 

CONCLUSIONS 
1.1 am happy to report that the difficulties in understanding the complexities of p300/CBP are 
becoming resolved and that I have solid data to show some of the mechanism underlying these 
findings. 
2. Next, I want to go deeper into the mechanism and to determine how acetylation of Egr1 affects its 
activities and how phosphorylation leads to entirely different physiological activities. 
3. I have also found that the tumor suppressor gene, p73 is a target gene of Egr1 that can be both 
up and down regulated. If there is time. I want to explore the activities of this important gene in 
prostate cells. 
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APPENDIX:   The Figures referred to above, follow below 
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Figure 1. 

(A) (B) Inhibition of Egr1 expression by anti-sense Egr1 oligos leads to inhibition of 
p300/CBP expression in untreated cells. 
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Figure 2. All six sites in the p300 promoter are regulated by Egr1 (A) Mapping the Egr1 
binding sites in the CBP and p300 regulatory regions. (B) p300 promoter-Luciferase 
reporter is induced by Egr1 and all its Egr1 binding sites are required for full activity. (C) 
Chip to confirm that Egr1 binds directly to the p300/CBP promoters in DU145 prostate 
cancer ceils. 

16 



Yu, Jianxiu, PhD.; DAMD17-03-1-0028 

B 

15        30        45        60       120 
20% Serum (Min) 

MEFs Egr-1(-/-) MEFs Egr-1(+/+) 

iHM» |M«lliWMll«iiM|Nilli Actin 

M12 DU145 P69 267B1 

Figure 3. CBP/p300 are up-regulated by Egr1 in serum induced prostate cells and in wild- 
type MEFs but not Egr1-/- MEFs 
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Figure 4. CBP/p300 is down regulated by Egr1 in UV irradiated prostate cancer cells. 
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Figure 5 A, B, The activities of CBP and p300 promoters are activated by Egr-1 or serum in 
H4 cells, and are repressed by dominant negative Egr1 or UV. In UVC-treated cells kinase 
CK2 plays a role as shown by inhibitors. C, Radioactive 32Pi was used to incorporate into 
phosphorylated Egr1 to show that UV-C radiation increases labeling, and this is reduced by 
DRB, inhibitor of CK2. Serum induced Egr1 is poorly labeled and this was reduced by 
serum. 
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Figure 6. Feedback regulation of Egri transcription by Egr1 and by CBP/p300. 
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Figure 7. Egr1 can be acetylated by p300/CBP in vivo. 
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8. Acetylation of Egr1 alters its regulatory activities 
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Figure 9. A, Egr1 is stabilized through acetylation by CBP/p300 and binds much more 
efficiently than non-acetylated. 
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Figure 10. Egrl target genes differ in serum-stimulated compared to UVC stimulated 
prostate cells. The overall biological effect of the loss p300/CBP is to reduce the acetylation 
and stability of Egrl as well as alter the target genes that are regulated in Ml2 cells. 

24 



i " Yu, Jianxiu, PhD.; DAMD17-03-1-0028 

^GROWTH 
!FACTORS" 

Figure 11. Schematic diagram to sliow interactions between Egr1 and p300/CBP 
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