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INTRODUCTION 

The role of the estrogen receptor (ER) in breast cancer has been suggested both by its 

ability to stimulate cell proliferation as well as the observation that ER is expressed in 60% of 

primary breast tumor biopsies but only in 6% of normal breast tissue (1). Drugs which interfere 

with ER activity such as the antiestrogen Tamoxifen have been only partially successful in the 

treatment of breast cancers emphasizing the need for new targets as well as new pharmacological 

agents against these targets (2, 3, 4). The observation that antiprogestins such as RU486 could 

function as antiestrogens suggested that the progesterone receptor (PR) could be a potential target 

in the treatment of breast cancers (5, 6). To this effect our previous data show that the smaller 

isoform of human PR (hPR-A) functions as a ligand-dependent transdominant repressor of 

estrogen receptor (ER) transcriptional activity (7, 8). Although, the precise mechanism of hPR-A 

transrepression is not fully understood, we have recently identified an inhibitory domain (ID) 

located within the amino terminus of hPR-A, which permits hPR-A to transrepress ER 

transcriptional activity (9). Interestingly, although ID is contained within both PR isoforms, its 

activity is manifested only in the context of hPR-A, suggesting that hPR-A interacts with a set of 

cofactors that are distinct from those recognized by the larger isoform, hPR-B. To investigate 

potential role(s) of differential cofactor interactions, we looked at the ability of hPR-A and hPR- 

B to associate with different coactivators and corepressors and assessed the effect of these 

associations on the receptors' transcriptional activity (10). We also investigated whether any of 

these factors could be implicated in hPR-A-mediated transrepression of hER transcriptional 

activity (10). The goal of this project was to elucidate the mechanism of hPR-A transdominant 

repression by characterizing potential hPR-A-interacting partners which are necessary for ER 

transcriptional activation. We anticipate that new pharmacological agents against these targets 

could be used to treat breast cancers which currently escape endocrine intervention. 



BODY 

I. Identification of an inhibitory domain within hPR-A required for transdominant 

repression of ER transcriptional activity. 

Human PR exists as two functionally distinct isoforms hPR-A and hPR-B (11). hPR-A is 

a truncated form of hPR-B lacking amino acids 1-164. In most cell- and promoter-contexts, 

hPR-B functions as a transcriptional activator, while hPR-A is transcriptionally inactive and 

functions as a ligand-dependent transdominant repressor of ER transcriptional activity (7, 8, 9). 

Unlike hPR-A, the A isoform of the chicken progesterone receptor (cPR-A), which shares 70% 

sequence homology with hPR-A, lacks this transdominant repressor function and acts as a strong 

activator of transcription (9). We have observed that the most extensive differences between the 

primary structures of the chicken and human PR-As are found in the amino terminal domains. 

Deletion of the first 140 amino acids from hPR-A (AhPR-A) (Figure la) converted hPR-A into a 

transcriptional activator (Figure lb) and abolished its ability to transrepress ER transcriptional 

activity (Figure lc) suggesting that this domain is necessary for hPR-A transdominant repression 

(9). In addition, we found that this domain does not have autonomous activity when fused to a 

heterologous DBD suggesting that other sequences present within PR may be required for 

transrepression (9) (Figure 2). 

II. The amino termini of hPR-A and hPR-B interact differentially with the carboxyl 

terminus of PR (hLBD) implying different receptor conformations. 

The presence of an inhibitory domain within human PR, whose function is masked in 

hPR-B, but not in hPR-A, suggests that the two receptor isoforms display different conformations 

within the cell which may allow for different cofactor interactions. This hypothesis is supported 

by our recent studies which analyzed the ability of separately expressed N- (PR-A and PR-B) and 

C-domains [hinge region plus ligand binding domain (hLBD)] of PR to interact in cells, by a 

mammalian two hybrid assay, and in vitro using purified expressed domains of PR (12). 

Specifically we found that the amino terminus of hPR-B, but not that of hPR-A, interacts 

efficiently with its hLBD both in vivo (Figure 3) and in vitro (Figure 4) in an agonist-dependent 

manner and 



does not interact in the presence of antagonist RU486 (12). Together, these results suggest that 

the interaction between N- and C-terminal domains of PR is direct and requires an agonist 

induced conformational change in the LBD that is not allowed by antagonists. In addition, the 

more efficient interaction of the N-terminus of hPR-B, but not that of hPR-A, with the hLBD 

suggests that distinct structural differences between N- and C-terminal regions of hPR-A and 

hPR-B contribute to functional differences between hPR-A and hPR-B. 

III. The two progesterone receptors exhibit different cofactor interactions which may 

explain the differences in their transcriptional activities. 

To determine whether the structural differences between the two receptors allow the 

receptors to interact with different cofactors, we looked at the ability of hPR-A and hPR-B to 

interact with various coactivators and corepressors (10). We demonstrated using a combination 

of in vitro and in vivo methodologies that the two receptors exhibit different cofactor 

interactions. Specifically, we showed using the mammalian two hybrid assay that the carboxyl 

terminus of the corepressor SMRT (C'SMRT), but not that of the compressor NCoR (AN4), 

interacts more strongly with hPR-A, than with hPR-B, and that this interaction is facilitated by 

ID (Figure 5). The physiological significance of this interaction was demonstrated using the 

dominant negative variant of SMRT, C'SMRT, to partially reverse hPR-A transdominant 

repression of ER transcriptional activity, directly implicating SMRT in the transrepresion of ER 

activity by hPR-A. This was done by cotransfecting HeLa cells with ER, PR-A, and increasing 

concentrations of C'SMRT, AN4, or full length SMRT in the presence of estradiol and RU486 

(Figure 6). Increasing concentrations of full length SMRT did not reverse transrepression of ER 

activity by hPR-A (data not shown). In addition, we show that hPR-A, unlike hPR-B, is unable 

to efficiently recruit the transcriptional coactivators GRIP-1 and SRC-1 in the presence of agonist 

but not antagonists (10). This was determined by using the mammalian two hybrid assay and 

assessing the ability of the nuclear receptor interacting domains (NR) of SRC-1 and GRIP-1 

fused to Gal4 DNA binding domain to interact with PR-A or PR-B fused to VP16 (Figure 7). 

We concluded from the above data that the inability of hPR-A, in contrast to hPR-B, to recruit 

coactivators, as well as its strong association with corepressor proteins, correlates with the 

differences in the transcriptional activities of the two PR isoforms. 



IV. Ongoing Studies 

Previously, we had proposed to use a modified version of the yeast two-hybrid screen to 

identify possible interacting partners of hPR-A, responsible for hPR-A transdominant repression 

of ER transcriptional activity (13). In order to do this, we integrated two PRE elements upstream 

of a LacZ gene into the yeast genome by homologous recombination and used full-length hPR-A 

as a bait, given the importance of receptor context for hPR-A mediated transrepression of ER 

activity (9). Unfortunately, when we tested for the intrinsic transcriptional activity of our bait 

construct we found that it to be high in most yeast strains tested, both in the presence of agonist 

R5020 and antagonist RU486 (data not shown). In addition to exhibiting high basal activity, our 

bait was also toxic to the yeast, when expressed at high levels. For these reasons, we decided to 

abandon the yeast two-hybrid screen and make use of phage display technology to look for 

potential peptides that distinguish between the two receptors. 

Phage display technology has been used successfully in the past to search for peptide 

sequences that mimic endogenous protein-protein interactions (14, 15). We have used this 

technology successfully in the laboratory to screen for ER-interacting motifs using random 

peptide libraries (16). In order to identify peptides which bound specifically to hPR-A we 

screened six different random peptide libraries (L14, L15, L16, L17, L18, L19) against full- 

length hPR-A bound to R5020, purified from baculovirus. We immobilized 4nmoles of hPR-A 

onto 96-well plates. BSA was used as a negative control. Following this step, phage expressed 

peptides, from a random peptide library, were added to the wells and allowed to incubate for lh 

at 25°C. The wells were then washed to remove any unbound phage. The bound phage from 

each library were eluted using a low pH buffer and saved for plaque purification. After plaque 

purifying the phage from each individual library we isolated the PR-A-specific phage using a 

phage ELISA assay to screen against both hPR-A and hPR-B in the presence of R5020. An anti- 

Mi 3 antibody coupled to HRP was used to determine the specificity of the interaction. From this 

screen we have isolated phage which 1) bind specifically to hPR-A, and 2) bind to both hPR-A 

and hPR-B (Figure 8). We are currently sequencing the individual phage to obtain PR-A- 

interacting sequences which will be used to search the protein database. 

V. Conclusions 



The data presented within clearly explain why hPR-B acts a transcriptional activator of 

progesterone responsive promoters and why hPR-A is transcriptionally inactive. However, it 

remains to be determined how hPR-A and SMRT work to repress ER transcriptional activity. In 

conclusion, we believe that the structural differences between hPR-A and hPR-B may allow the 

A isoform of the receptor to interact with factors, which are not recognized by hPR-B, to form a 

complex which can interfere with ER-mediated transcription. Formal proof of this hypothesis 

awaits the identification of factors which can distinguish between the two isoforms of the human 

progesterone receptor. 
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APPENDIX 
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Defined the minimal domain of hPR-A required for transdominant repression of 

ER transcriptional activity 

Showed that the amino termini of hPR-A and hPR-B interact differentially with 

the carboxyl terminus of PR (hLBD) implying different receptor conformations. 

Showed that the two progesterone receptors exhibit different cofactor interactions. 
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Cofactor Binding. Mol Cell Biol. 2000 May;20(9):3102-15.). 
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progesterone receptor in vitro and in vivo. Mol. Endocrinol. 13:910-924. *(Co-first authors) 
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Antagonist Activities: Implications for the Development of Dissociated Antiprogestins. 
Endocrinol, 140: 1449-1458. 
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American Association for Cancer Research, Steroid Hormone Receptors Symposium, Palm 
Springs, CA, 1999. 

The Opposing Activities of the Two Isoforms of the Human Progesterone Receptor Can Be 
Explained In Part by Differential Cofactor Binding. 
Paloma H. Giangrande and Donald P. McDonnell .   Department of Pharmacology and Cancer 
Biology, Duke University Medical Center, Durham, NC 27710, USA. 

In humans, the biological response to progesterone is mediated by two specific, high 
affinity nuclear receptors which are differentially expressed in target tissues. Both forms of the 
progesterone receptor (PR), hPR-A (94kDa) and hPR-B (114kDa), are derived from the same 
gene by alternative initiation of transcription. The only difference between the two receptor 
isoforms is that the first 164 amino acids of hPR-B are absent from hPR-A. These receptors are 
functionally different and have distinct roles in progesterone signaling. Specifically, we and 
others have observed that hPR-B functions as a transcriptional activator in response to agonist 
stimulation in all cell and promoter contexts examined. This is in contrast to hPR-A which is a 
transcriptional repressor and functions as a ligand-dependent transdominant repressor of hPR-B 
transcriptional activity. Of particular importance was the finding that ligand activated hPR-A can 
also inhibit the transcriptional activity of the estrogen (ER), androgen, glucocorticoid and 
mineralocorticoid receptors. Thus, hPR-A serves as a point of cross talk between the 
progesterone-signaling pathway and those regulated by other steroid hormones. The existence of 
two forms of PR has been documented in most species though the relationship between these 
receptors remains to be determined in most cases. Analysis of the properties of the chicken 
progesterone receptors (cPR) however, revealed that both cPR-A and cPR-B were efficient 
ligand dependent regulators of transcription. This was particularly interesting in view of the high 
degree of amino acid homology shared between the A-form of the chicken and human PRs. We 
took advantage of this finding to create a series of chicken/human receptor chimeras, the analysis 
of which permitted the identification of a specific transcription inhibitory domain located within 
the first 140 amino acids of hPR-A. Importantly, when transferred to the chicken receptor this 
inhibitory domain converted cPR-A into a transcriptional repressor. Previously, we have shown 
that the nuclear co-repressors NCoR and SMRT are important regulators of hPR-B mediated 
signaling. In the absence of hormone, or in the presence of pure antagonists, it was determined 
that these co-repressor proteins were able to interact with PR-B. Upon agonist binding however, 
a conformational change in the receptor occurred which favored the recruitment of co-activator 
proteins, and the subsequent displacement of co-repressors. These findings, coupled with the 
identification of an inhibitory domain within hPR-A, suggested that the differences in the 
transcriptional activity of the two PR-isoforms reflected differences in their ability to interact 
with co-activators and co-repressors. In support of this hypothesis, we have now shown that both 
forms of hPR are capable of interacting with SMRT and NCoR. However, the interaction of 
hPR-A with one of these co-repressors, SMRT, is much stronger than that observed with hPR-B. 
The physiological significance of this interaction was demonstrated by showing that expression 
of a dominant negative SMRT variant, cSMRT, reversed hPR-A mediated repression of both 
hPR-B and hER mediated transcriptional activity. Additionally, using both in vitro and in vivo 
methodologies, it was determined that hPR-B, but not hPR-A, interacts efficiently with the co- 
activators SRC-1 and GRIP. Based on these findings we propose that the ability of hPR-A to 
function as a transdominant repressor is a product of its enhanced corepressor binding affinity 
and its reduced affinity for co-activator proteins. Whereas these data clearly explain why hPR-A 
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is not transcriptionally active, it remains to be determined how the hPR-A/SMRT complex can 
transrepress the transcriptional activity of hPR-B and other steroid hormone receptors. 
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Duke University Graduate Student Symposium 1998. 

The Differential Activity of the Two Isoforms of the Human Progesterone Receptor Can Be 
Explained In Part by Differential Co-Repressor Binding 
Paloma H. Giangrande and Donald P. McDonnell.   Department of Pharmacology and Cancer 
Biology, Molecular Cancer Biology Program, DUMC, Duke University, Durham, NC 27710, 
USA. 

In humans, the biological response to progesterone is mediated by two forms of the 
progesterone receptor (hPR-A; 94kDa and hPR-B; 114kDa). These two isoforms are transcribed 
from distinct estrogen-inducible promoters within a single-copy PR gene; the only difference 
between them is that the first 164 amino acids of hPR-B are absent in hPR-A. In most cell lines, 
hPR-A functions as a transcriptional repressor of progesterone-responsive promoters, whereas 
hPR-B functions as a transcriptional activator of the same genes. Interestingly, in these cell 
contexts, hPR-A also acts as a trans-dominant repressor of the transcriptional activity of other 
steroid hormone receptors. 

In contrast to hPR-A, which functions predominantly as a ligand-dependent 
transcriptional repressor, we showed that the A isoform of the chicken PR (cPR-A) lacks this 
trans-dominant repressor function and is a transcriptional activator in all contexts examined. By 
constructing chimeras between the chicken and human PR we mapped the inhibitory function of 
hPR-A to the amino terminus of the protein. Although this inhibitory domain is present in hPR- 
B its activity is only manifested in the context of hPR-A. 

The identification of a discrete inhibitory region within hPR-A whose activity is masked 
in the context of hPR-B, suggests that these two receptor isoforms may interact with different 
proteins (transcription factors, co-activators, co-repressors) within the cell. In support of this 
hypothesis, we have shown that the two isoforms of human PR are capable of interacting with the 
nuclear co-repressor proteins, SMRT and NCoR. Significantly, however, the interaction of hPR- 
A with the co-repressor SMRT is much stronger than that observed with hPR-B. Interestingly, we 
show that overexpression of a dominant negative SMRT (C'SMRT), but not a dominant negative 
NCoR (AN4), can reverse hPR-A-mediated transrepression. This important observation suggests 
that the ability of hPR-A to repress hPR-B transcriptional activity could occur as a consequence 
of hPR-B/A heterodimerization where the presence of SMRT in the complex prevents 
transcriptional activation. The observation that hPR-A also inhibits human estrogen receptor 
transcriptional activity, a receptor with which hPR-A is not able to heterodimerize with, suggests 
that there must be additional complexity. 
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Keystone Symposia, Lake Tahoe, NV; 1998. 

The Differential Activity of the Two Isoforms of the Human Progesterone Receptor Can Be 
Explained In Part by Differential Co-repressor Binding. 
Paloma H. Giangrande and Donald P. McDonnell Department of Pharmacology and Cancer 
Biology, DUMC, Duke University, Durham, NC 27710, USA. 

In humans, the biological response to progesterone is mediated by two distinct forms of 
the progesterone receptor (hPR-A; 94kD and hPR-B; 114kD). These two isoforms are 
transcribed from distinct estrogen-inducible promoters within a single-copy PR gene; the only 
difference between them is that the first 164 amino acids of hPR-B are absent in hPR-A. In most 
cell lines hPR-A functions as a transcriptional repressor, whereas hPR-B functions as a 
transcriptional activator of progesterone-responsive genes. Interestingly, in these cell contexts, 
hPR-A also acts as a trans-dominant repressor of the transcriptional activity of other steroid 
hormone receptors. 

In contrast to hPR-A, which functions predominantly as a ligand dependent 
transcriptional repressor, we showed that the A isoform of the chicken PR (cPR-A) lacks this 
trans-dominant repressor function and is a transcriptional activator in all contexts examined. By 
constructing chimeras between the chicken and human PR we mapped the trans-dominant 
repressor function of hPR-A to the first 140 amino acids of the protein. Interestingly, this trans- 
repression function is comprised not only of the "repressor domain" of hPR-A but also requires 
the context of the receptor in order to function. 

The identification of a discrete inhibitory region within hPR-A, which is transferable to 
another receptor, implies that this region interacts with a set of transcription factors or adaptors 
which are distinct from those recognized by hPR-B. In support of this hypothesis, we have 
shown that the two isoforms of human PR are capable of interacting with the nuclear co- 
repressor proteins, SMRT and NCoR. Significantly, however, the interaction of hPR-A with the 
co-repressor SMRT is much stronger than that observed with hPR-B. This suggests, therefore, 
that the amino acid sequences in the amino terminus of hPR-B are important regulators of co- 
repressor interaction and that differential co-repressor association may explain in part the 
differential transcriptional activity of hPR-A and hPR-B. The identification of additional cell- 
specific adaptors will be required in order to better define the mechanism by which hPR-A 
modulates steroid hormone receptor transcriptional activity. 
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Duke University Graduate Student Symposium 1997. 

Mapping and characterization of the functional domains responsible for the differential activity 
of the A and B isoforms of the human progesterone receptor. 

Paloma H. Giangrande and Donald P. McDonnell. Department of Pharmacology and Cancer 
Biology, Molecular Cancer Biology Program, DUMC, Duke University, Durham, NC 27710, 
USA. 

In humans, the biological response to progesterone is mediated by two distinct forms of 
the progesterone receptor (hPR-A; 94Kd and hPR-B; 114Kd). These two isoforms are 
transcribed from distinct estrogen inducible promoters within a single-copy PR gene; the only 
difference between them is that the first 164 amino acids of hPR-B are absent in hPR-A. In most 
cell lines hPR-A functions as a transcriptional repressor, whereas hPR-B functions as a 
transcriptional activator of progesterone-responsive genes. Interestingly, in these cell contexts, 
hPR-A also acts as a trans-dominant repressor of the transcriptional activity of other steroid 
hormone receptors. 

In contrast to hPR-A, we have determined that the A isoform of the chicken PR (cPR-A) 
lacks this trans-dominant repressor function and is a transcriptional activator in all contexts 
examined. By constructing chimeras between the N-terminal domains of cPR-A and hPR-A we 
mapped the trans-dominant repressor function of hPR-A to the first 140 amino acids of the 
protein. Notably, when this "repressor" domain is placed onto cPR-A the activity of the latter 
changes from a transcriptional activator to a repressor. Interestingly however, this "repressor 
domain" is necessary, but not sufficient, for trans-repression as it is inactive when it is tethered to 
a heterologous protein. This suggests that the trans-repression function is comprised not only of 
the "repressor domain" of hPR-A but also requires the context of the receptor in order to 
function. The identification of a discrete inhibitory region within hPR-A which is transferable to 
another receptor implies that this region interacts with a set of transcription co-factors which are 
distinct from those recognized by hPR-B. The identification of these proteins is a crucial step in 
the definition of the mechanism by which hPR-A modulates steroid hormone receptor 
transcriptional activity. 
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