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ABSTRACT

Prolactin is a pleiotropic anterior pituitary peptide hormone. Perhaps the
best known activity involves stimulation of lactation in mammals. Expression of
the prolactin gene in the anterior pituitary is cell-type specific and regulated by
hypothalamic and other hormones. Although the prolactin gene has been
extensively studied, there remain substantial gaps in the understanding of the
mechanisms mediating regulated, cell-specific expression of this physiologically
important gene. One part of this thesis focuses on analysis of the role of specific
transcriptional activator proteins in mediating basal and hormone-regulated
expression of the prolactin promoter. The other will explore the events mediating
cAMP-induced activation of the prolactin promoter.

The first part of the thesis explores the role of the related transcriptional
co-activator proteins CREB binding protein (CBP) and p300 in the activation of
the prolactin promoter. Expression vectors for p300 were found to enhance the
synergistic, Pit-1/Ets-1 dependent activation of the prolactin promoter. In vitro
binding studies demonstrated that p300 binds to a prolactin promoter DNA
element in a Pit-1 and/or Ets-1 dependent manner. Mutational analysis of p300
provided evidence that no one particular structural or functional domain was
responsible for the Pit-1/Ets-1 dependent enhancement of the prolactin promoter
activity. However, the modest ability of p300 to activate the prolactin promoter
limits interpretation of these studies. To determine if CBP and/or p300 are

required to mediate transcriptional activation by Pit-1 and/or Ets-1, an expression
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vector for the adenovirus 12S E1A protein, which blocks CBP/p300 activity, was
used. The results demonstrate that E1A greatly reduced the ability of Pit-1, Ets-
1 or the combination of the two factors to activate the prolactin promoter in
heterologous, COS cells. E1A completely blocked activation of the prolactin
promoter by the EGF/Ras pathway while only partially blocking activation by the
forskolin/PKA pathway in GH3 cells suggesting the existence of a p300-
independent activation component of the forskolin/PKA pathway

The second part of this thesis analyzes the possible role for the mitogen
activated protein kinase (MAPK) in mediating cAMP activation of the prolactin

promoter. These studies have used GHs pituitary tumor cells which express the
prolactin gene. The results demonstrate that elevation of cAMP levels in GH;

cells leads to activation of MAPK, consistent with a possible role for MAPK in
mediating responses to cAMP. Inhibition of MAPK activation by the specific
inhibitor, PD98059, was found to reduce the ability of cAMP to stimulate prolactin
promoter activity. Thus, MAPK appears to be required for full responsiveness of
the prolactin promoter to cAMP. Previous studies of other signaling pathways
have provided evidence that Ets sites in the prolactin promoter probably play a
role in mediating responsiveness to MAPK activation. In view of the ability of
CcAMP to activate MAPK in GHj; cells, it seemed likely that Ets sites would also
play a role in cAMP-responsiveness. Surprisingly, disruption of all known Ets
sites within the proximal region of the prolactin promoter did not abrogate

responsiveness to cAMP. Thus, while many signaling pathways act through

v



MAPK, surprisingly, not all appear to require Ets sites for the activation of the

prolactin gene.
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CHAPTER 1

INTRODUCTION

I5rolactin, an anterior pituitary peptide hormone, is an important regulator of
mammalian growth, development, and homeostasis. Expression of the prolactin gene in
the anterior pituitary is cell type specific and tightly regulated by several hormones and
growth factors. Various disease states ranging from abnormal reproductive events to
certain types of cancer have been associated with unregulated prolactin serum levels.
The molecular mechanisms of regulated prolactin gene expression have not been
completely elucidated. This thesis examines the specific interaction between three
transactivating factors thought to be important for the regulated expression prolactin; Pit-
1, Ets-1, and CBP/p300 and explores the mechanisms involved in cAMP induced
regulation of the prolactin gene . The following introduction section will begin with a
discussion of basic mammalian anterior pituitary anatomy, then continue on to discuss
prolactin itself, prolactin associated diseases, and the regulation of the prolactin gene by
various hormones and growth factors. This will be followed by a more in depth
discussion of the prolactin promoter and transactivating factors thought to be involved in
the regulation of prolactin expression. Finally, the known, pair-wise interactions of Pit-1,
Ets-1, and/or CBP/p300 and their involvement in the activation of expression of specific
genes will be discussed.

The Mammalian Pituitary

The mammalian pituitary gland plays a critical role in the regulation of growth,

development, and homeostasis. The pituitary is comprised of separate anterior and



posterior lobes. Each lobe is directly influenced by hormones released from the
hypothalamus. However, the physical connecﬁon between the hypothalamus and each
pituitary region is anatomically distinct (Fig.1). The posterior pituitary is essentially an
outgrowth of the hypothalamus and as such is comprised of neural tissue. The two
hormones released by the posterior pituitary, oxytocin and vasopressin or ADH, are
actually synthesized within the cell bodies of hypothalamic neurons. The hormones are
transported down the axons of the hypothalamic neurons to capillary béds within the

posterior pituitary where they are released into general circulation.
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Fig. 1. The mammalian pituitary



In contrast to the posterior pituitary, the anterior pituitary is not directly connected to
hypothalamic neuronal tissue. Instead, neurons in the median eminence of the
hypothalamus secrete so-called releasing hormones which are transported to the
anterior pituitary through the hypophyseal portal vessel system. The hypophyseal portal
vessels recombine into capillaries within the anterior pituitary. Upon reaching the
anterior pituitary, the hypothalamic hormones are able to modulate the expression of
anterior pituitary hormone genes. This unique anatomical arrangement allows for tight
regulation of anterior pituitary hormone genes by relatively low levels of hypothalamic
hormones.

Hormones produced in the anterior pituitary are synthesized and secreted by one
of five distinct cell types which arise in a specific temporal and spatial pattern during
embryonic development. The hormones secreted by the anterior pituitary are the
following: adrenocorticotropic hormone (ACTH), thyroid stimulating hormone (TSH),
follicle stimulating hormone (FSH), lutenizing hormone (LH), growth hormone (GH), and
prolactin (PRL). The anterior pituitary cells are known phenotypically by the
hormone(s) they produce. They are corticotrophs (ACTH), thyrotrophs (TSH),
gonadotrophs (FSH,LH), somatotrophs (GH), and lactotrophs (PRL).

Prolactin has provided an interesting model for the study of cell-specific,
hormonally regulated gene expression. The major promoter/enhancer elements of the
prolactin gene have been identified along with a cast of transactivating proteins.
Although much is known about the prolactin gene and its regulated expression, the
complexity of both cis and trans regulatory elements lend the prolactin gene to further

study in the hopes of fully understanding all of the necessary components required for

its expression.



A Brief Historical Perspective of Prolactin

The discovery and characterization of prolactin is the result of an enormous
effort by many laboratories over a period of more than 50 years. Prolactin was originally
identified early in the 20th century through its ability to induce lactation and mammary
development in rabbits and crop sac growth in pigeons (1, 2). PRL was subsequently
shown to be luteotropic, i.e., capable of inducing corpus luteum formation and action (3).
Depending on the biological function of interest, PRL has also been known as lactogenic
hormone or luteotropic hormone. The amino acid sequence of sheep PRL was
elucidated 1969. The hormone was shown to be a protein of 199 amino acids (4).
Human prolactin was isolated in 1971 (5, 6). Finally, the nucleotide sequence of PRL
cDNAs from several species was determined, including rat (7), bovine (8), and human
(9).

Normal and Pathological Conditions Associated with Prolactin

Normal physiological levels of PRL in vertebrates are necessary for the control
over a wide range of body functions. These include the regulation of water and
electrolyte balance, growth and development, metabolism, behavior, reproduction, and
immunoregulation. In mammals, prolactin has been shown to reduce renal sodium and
potassium excretion (10), increase intestinal water and salt absorption (1 1), and reduce
amniotic fluid volume (12). In rats, normal prolactin levels have been associated with
postnatal testes, prostate and body growth (13, 14). Prolactin is known to stimulate fetal
lung phospholipid synthesis (15) and lipoprotein lipase activity in the rat (16). Normél
elevated post-partum prolactin levels are thought to be involved in the stimulation of
maternal behavior (17-19). Prolactin is responsible for the production of milk proteins
(20), lactose (21), and milk lipids (22). Prolactin has also been shown to increase IgG

and IgM antibody production (23-25) and induce macrophage activation (26) including



the production of superoxide anion (27, 28). Abnormal serum levels of PRL have been
associated with a variety of disease states.

Hyperprolactinemia has been associated with many pathological conditions.
Elevated serum PRL has been linked to the perturbation of reproductive events, such as
amenorrhea, galactorrhea, and impotence (29). In a small number of cases, elevated
serum PRL in women has been associated with a psychosomatic state of
psuedopregnancy (30). PRL has also been associated with various forms of cancer.
For instance, elevated PRL is believed to increase the aggressivity of colorectal tumors
(31, 32) , induce the proliferation of human breast cancer cells (33), and activate
malignant B lymphocytes (34) and lymphoma cells (35). PRL has also been implicated
in the exacerbation of several autoimmune diseases, such as systemic lupus
erythematosus (36, 37), acute experimental allergic encephalomyelitis (38), rheumatoid
arthritis (39), adjuvant arthritis (40), and graft vs. host disease (41).

Prolactin is also secreted by numerous tissues outside of the anterior pituitary
such as thymus (42), circulating lymphocytes (43, 44), spleen (45, 46), decidua (47,
48), myometrium (49, 50), mammary epithelial cells (51, 92), skin fibroblasts (53), and
sweat glands (53). This peripheral prolactin secretion may contribute to the occurrence
of some of the aforementioned pathologic disease states. The elucidation of the
mechanisms involved in the regulated expression of the prolactin gene may be helpful in
developing treatments for some of these prolactin associated abnormalities.

Requlation of Prolactin

Expression of PRL in the anterior pituitary is cell type specific and tightly
regulated. Expression of PRL is essentially restricted to the lactotroph cell type. PRL
expression can be activated by many hormones and trophic factors including the

hypothalamic hormone TRH (thyrotropin releasing hormone) (54, 55), estradiol (56)



EGF (57), and insulin (58). The primary physiological inhibitor of PRL expression is the
hypothalamic hormone, dopamine. Dopaminergic agonists such as ergocryptine are also
known to inhibit PRL gene expression (59). Dopamine is thought to act through the
dopamine D2 receptor linked to a Gai/ao protein to decrease prolactin expression via
repression of the cAMP/PKA pathway (60, 61). Conversely, agents such as forskolin
(62), which increases intracellular cAMP levels, and membrane permeable cAMP
analogs (63) or PKA catalytic subunit expression vectors (64) are known to stimulate
expression of the prolactin gene.

The classical transducer of the cAMP-PKA signal pathway is the cAMP-response
element binding protein (CREB) (65). CREB binds to a sequence specific DNA element,
the cAMP response element (CRE), and is activated upon phosphorylation by PKA.
However, since the PRL promoter sequence does not contain a high affinity CRE and
expression of the PRL gene is not affected by the presence of a dominant inhibitor of
CREB (66), CREB is most likely not directly involved in regulation of the prolactin gene
by cAMP. Therefore, the cAMP- PKA signaling pathway must be transduced to the PRL
gene through another route. The identification of the pathways involved in conveying
the cAMP signal to the prolactin gene is critical for determining the mechanism of cAMP

induced prolactin gene regulation.



The Prolactin Promoter

Expression of the prolactin gene is under control of cis DNA elements located
within approximately two kilobases upstream (5') of the transcription start site. The 5’
flanking sequence of the prolactin gene is divided into a proximal promoter region and a
distal enhancer/promoter element. The proximal promoter sequence is located
between —422 and +33 of the transcription start site. The distal enhancer sequence is

located between -1831 and —1530 (Fig.2) (67-72).

Prolactin Promoter

Proximal E

-210 -200 -181 -157 -138 -90 -38

SR - B - B - -

-1718 -1670 -1636 -1586

Fig.2. Schematic representation of the proximal and distal prolactin promoter/enhancer. Ets indicates
putative Ets-factor binding sites. 1P-4P indicate Pit-1 binding sites in the proximal promoter. 1D-4D indicate
Pit-1 binding site in the distal enhancer. Numbers represent approximate distance from transcription start

site.

The proximal promoter was found to be sufficient for tissue-specific expression of
reporter genes transfected into rat pituitary cell lines (73-75). However, the distal
enhancer/promoter and its flanking sequence appear to be necessary to restrict the
expression of PRL to the pituitary lactotrophs in transgenic mouse models (76). While

each of these promoter regions is independently capable of directing low levels of



reporter gene fusion expression, both cis elements are required for a high level of
synergistic expression of reporter genes in transgenic mice (76). DNAsel footprinting
with pituitary extracts and mutational analysis studies identified four related
non-adjacent cis-elements within both the distal and proximal PRL promoter region (73).
These elements were termed 1D through 4D in the distal promoter/enhancer and 1P
through 4P in the proximal promoter region.

Transactivating Factors Involved in Prolactin Expression

The discovery of related cis elements within the proximal prolactin promoter led
to the identification of several transactivating factors that have been implicated in the
regulation of expression of the prolactin gene. Three factors, the transcription factors
Pit-1 and Ets-1 and the co-activator CBP/p300 seem to be of critical importance to the
regulation of the prolactin gene. The history and characteristics of Pit-1, Ets-1, and
CBP/p300 will be discussed in the following sections.

PIT1

Multiple cis-elements in both the proximal and distal PRL promoter were found to
bind a common tissue specific transcription factor known as Pit-1 or GHF-1 (77, 78).
Pit-1 is a 33kd protein which contains a 160 amino acid long region that defines it as a
member of the large family of POU-domain transcription activators (79). The POU
domain was originally identified as a region of sequence homology between the
transcription activators Pit-1, Oct-1, Oct-2, and UNC-86(Pit, Oct, Unc). The POU domain
of Pit-1 consists of two discrete, structurally independent regions: the
POU-homeodomain and the POU-specific domain (80, 81). The POU-homeodomain
and the POU-specific domain are separated from each other by a flexible linker region

(82). The linker appears to be void of ordered structure and apparently functions only



as a physical tether between the two subdomains (83). Mutagenesis studies of Pit-1
have demonstrated that a functional cooperativity between the POU-homeodomain and
the POU-specific domain is necessary for optimal DNA binding (81). Alone, the PQU-
homeodomain of Pit-1 is sufficient to direct binding to A/T rich DNA sequences with
minimal sequence specificity (81). However, the POU-specific domain is required for
high affinity, site specific binding to native Pit-1 binding sequences. In fact, the affinity of
the POU-homeodomain for physiological Pit-1 responsive sequences is increased
1000-fold by the presence of the wild type POU-specific domain (81).

The crystal structure of Pit-1 binding to a DNA element has recently been
resolved (83). Analysis of the structure confirmed that Pit-1 is capable of binding DNA
as a homodimer. Further analysis of the crystal structure showed that each POU
subdomain binds to perpendicular faces of the DNA sequence rather than opposing
faces like another POU-domain family member whose structure has been solved, Oct-1
(84). This presumably allows for unobstructed access to each POU subdomain by other
nuclear factors and/or co-activators.

Pit-1 expression, as determined by in situ hybridization and
immunohistochemistry, has been observed in several anterior pituitary cell types. Pit-1
expression has been observed in lactotrophs, somatotrophs, and thyrotrophs (85), yet
each of these cell types expresses a distinct peptide hormone. This suggests that Pit-1
is required for the expression of several anterior pituitary hormones. In addition to the
prolactin gene, Pit-1 has been shown to be necessary for regulation of growth hormone
(75) and thyrotropin beta subunit (TSHb) gene expression (86, 87).

Evidence of the necessity of Pit-1 expression for proper pituitary growth and
function can be seen in naturally occurring mutations in both human and mouse.

Mutations in the dwarf locus (dw) in the Jackson dwarf mouse result in the abnormal



development of the pituitary marked by specific hypoplasia of lactotroph, somatotroph,
and thyrotroph cell types and subsequent deficiencies in their respective hormones (88,
89). A large deletion within the Pit-1 gene was ultimately found to be responsible for the
Jackson dwarf phenotype (90). In humans, combined pituitary hormone deficiency
syndrome has been attributed to various point mutations in the Pit-1 gene (90-92).

At least two isoforms of Pit-1 have been identified which result from differential
splicing (93, 94). Pit-1b, which contains a 26 amino acid insert in the N-terminal
transactivating domain, is more effective than Pit-1 at activating transcription from the
growth hormone promoter, but is unable to activate transcription of a prolactin promoter-
CAT reporter construct (93, 95). Pit-1b was also shown to block both basal and Ras
induced activation of a prolactin-luciferase reporter in rat GH4 pituitary cells, but the
same reporter construct was activated by Pit-1 in a Hela cell transient transfection
assay (96). The expression of another splice variant, Pit-1T, is restricted to the
thyrotroph lineage. Pit-1T contains a 14 amino acid insertion in the transactivation
domain (94). Pit-1T is capable of synergistically activating the TSHb promoter when
co-transfected along with Pit-1 into Pit-1 deficient thyrotroph cell line (alpha TSH) (97).
Pit-1T is also able to specifically activate the TSHb promoter but not the GH nor PRL
promoters when expressed in GH3 cells (97). The Pit-1b and Pit-1T isoforms provide
possible evidence for a model of tissue specific gene expression whereby the
recruitment of a specific combination of several factors is necessary for the proper
expression of tissue specific genes.

Since Pit-1 expression is not limited to the lactotroph cell phenotype, and is
necessary for the expression of other anterior pituitary hormones, Pit-1, by itself, must

not be sufficient to confer the lactotroph phenotype. Additional factors must be required



for regulation of anterior pituitary genes in the Lactotroph, somatotroph, or thyrotroph
lineages.
ETS1

Another transactivating factor important for PRL promoter activation is ETS-1, a
member of the ETS super family of transcription factors. The ETS (E26 transformation
specific) family was initially discovered as a Gag-Myb-Ets fusion protein in the avian
erythroblastosis virus E26(v-ets). The Ets sequence was found to be responsible for
eliciting erythroblastosis. Subsequently, several cellular ETS genes were identified
including Ets-1 (98), Ets-2 (98), Elk-1 (99), and SAP-1 (100) to name a few. The ETS
superfamily members are characterized by a related sequence of approximately 85
amino acids (the ets domain) which is responsible for sequence specific DNA binding
(100, 101). The Ets domain contains three highly conserved tryptophan residues
separated by 17-21 amino acids and a region of basic amino acid residues. Both the
tryptophan and basic amino acid regions of Ets factors are required for binding to DNA.
Although the three tryptophan residue motif is reminiscent of that found in Myb proteins,
(102, 103), the structure of Ets protein DNA binding domains appears to be a unique
winged helix-turn-helix motif (104). The Ets proteins bind as monomers to a 10 bp
purine rich DNA domain which contains a core motif with the consensus sequence of
GGAA/T (105, 106). The sequences flanking the core are variable and are required to
direct the specificity of Ets protein binding. Ets-1 is known to facilitate transcription in
cooperation with other transcription factors such as AP-1 in the polyoma virus enhancer
(107, 108) and SP1 in the HTLV1 long terminal repeat (109).

The proximal prolactin promoter contains at least five consensus Ets binding
sites [(A/G)GGAA] (Fig.2), raising the possibility that an Ets factor may play a role in the

regulation of prolactin expression (110). Recent experiments have demonstrated the
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involvement of Ets-1 in activating expression of the prolactin gene. Perturbation of
specific Ets consensus sites within the proximal 255 base pairs of the proximal prolactin
promoter is capable of reducing the prolactin gene responsiveness to TRH in rat
pituitary GH3 cells (111). This indicates that an Ets factor is required for transduction of
the TRH signal to the prolactin promoter. Also, transient transfection of Ets-1, but not
the highly homologous Ets-2 which recognizes the same core DNA sequence as
Ets-1(GGAA) (112), has been shown to enhance the expression of a prolactin promoter
reporter gene construct (113). Furthermore, expression of the DNA binding domain of
Ets-2 is capable of blocking both Ras and Raf induced prolactin gene expression (113).
Thus, the specific Ets family member, Ets-1, appears to be directly involved in the

regulated expression of the prolactin gene.

CBP/p300

The co-activator CBP/p300 is another factor which is probably important for the
regulation of the prolactin gene. p300 and CBP are large, approximately 2400 amino
acid, nuclear phosphoproteins which function as transcription co-activators.
Co-activators are thought to operate by physically bridging the gap between DNA bound
transcription factors and components of the basal transcription machinery. p300 and
CBP are considered functional homologues and are usually referred to as CBP/p300.
Consistent with the function of a co-activator molecule, CBP/p300 does not appear to
bind directly to DNA. Instead, CBP/p300 binds to the basal transcription factor TFIIB as
well as several specific transcription factors including Pit-1 and Ets-1.

p300 was first identified as a cellular target for the adenovirus transforming
protein E1A (114, 115). E1A presumably induces cellular transformation by

sequestering cellular proteins involved in host cell gene transcription (1 16). The
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predominant cellular protein that associates with the  N-terminus of E1A was found to
be p300 (117).

CBP was initially discovered in experiments which examined the process
by which extracellular signals are transduced from the second messenger cAMP.
Genes induced by cAMP contain a conserved DNA element with the consensus
sequence TGACGTCA known as the CRE (cAMP responsive element) (118, 119).
CREB (CRE binding protein) binds to the CRE of cAMP responsive genes (120, 121).
CREB is directly phosphorylated by cAMP dependent protein kinase A at a specific
residue, serine 133 (122). The phosphorylation of CREB at serine 133 is able to
activate transcription of CRE regulated genes. In order to identify phospho-CREB
binding partners, a human thyroid lamdaGT11 library was screened with CREB which
was radioactively labeled at its PKA phosphorylation site and a protein of Mr 265K was
identified as CBP (123).

CBP/p300 contains distinct structural and functional features that are indicative
of a transcriptional co-activator (Fig.3). p300 and CBP share 75% similarity and 63%
identity over their entire sequence (124). CBP/p300 contains a centrally located
bromodomain-like region (124). The evolutionarily conserved bromodomain (125, 126)
of a yeast coactivator, Gen5, has recently been shown to be directly involved in the
coordination of nucleosome remodeling (127). CBP/p300 also has intrinsic histone
acetyltransferase (HAT) activity (128, 129). The recent identification of HAT activity in a
known transcription regulator helped to give credibility to the long held hypothesis that
acetylation of histone N-terminal tails leads to transcription activation (130). The
acetylation of histone tails presumably serves to modify their interaction with DNA by
neutralizing the charges of specific lysine residues (131). Therefore, not only does

CBP/p300 have the ability to recruit general transcription factors to a promoter, but
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CBP/p300 may also directly influence chromatin structure. Finally, CBP/p300 contains
three cysteine and histidine rich regions with a characteristic spacing between the
residues which are thought to coordinate zinc ions in the same manner as zinc finger
motifs (124). The zinc finger domains of CBP/p300 are believed to be important for

forming protein-protein interactions between CBP/p300 and various transcription factors

including Pit-1 and Ets-1.
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Fig.3. Diagrammatic representation of structural components of CBP/p300.

Percentages above the diagram represent the percent identity at the amino acid level of p300 and CBP.
Zn = putative zinc finger domains. BRD = Bromodomain. HAT = Histone Acetyl Transferase domain.
QQQ = glutamine rich domain. Items below diagram represent examples of known binding partners and
their approximate binding locations.

Transactivating Factor Functional Interactions

A model for cell specific inducible gene expression depends on the precise
recruitment and coordination of a specific combination of transcription factors and
co-activators to the promoter sequences of active genes. Once assembled at the
promoter, the transcription factor/co-activator complex is then able to recruit the basal

transcription machinery to activate efficient transcription. Knowledge of the specificity of



functional and physical interactions between transactivating factors is critical for the
elucidation of the mechanism of inducible gene expression. In the prolactin promoter
model, several transactivating factors have been shown to specifically interact.
Identification of the complete cast of transactivating factors and their specific
interactions in response to extracellular signals is paramount to understanding the
mechanisms involved in prolactin gene expression. The combinatorial interactions
between Pit-1, Ets-1, and CBP/p300 may be important for the modulation of prolactin
gene activity. The evidence for interactions between pairs of Pit-1, Ets-1, or p300 will be
presented in the following discussion.

Pit-1 and Ets-1 Interactions

Pit-1 and Ets-1 have been shown to functionally cooperate to stimulate prolactin
gene expression and enhance its response to various signaling pathways.
Co-expression of both Ets-1 and Pit-1 in rat pituitary GH4 cells increases the Ras/Raf
responsiveness of a rat reporter gene construct consisting of 425 base pairs of the
proximal prolactin promoter (—425PRL ) in a synergistic manner (113). Furthermore,
co-expression of dominant negative forms of either Ets-1 or Pit-1(Ets-1DNA binding
domain or Pit-1B, respectively) is capable of blocking the Ras/Raf induced Pit-1/Ets-1
synergy, thus implicating the necessity of a functional interaction between Pit-1 and
Ets-1 for optimal Ras/Raf responsiveness of the rat prolactin gene (113). Examination
of the rat proximal prolactin promoter determined the presence of a composite Pit-1/Ets-
1 binding cis-element at the 3P Pit-1 binding site. A reporter construct containing
multimers of this 3P site was responsive to Ras, Raf or phorbol ester treatment (132).
Mutation of either the Ets site or the Pit-1 site within the 3P multimer reporter construct
resulted in a decrease in responsiveness of the reporter gene to either Ras, Raf, EGF,

or phorbol ester treatment (132). Thus, there are several lines of evidence which
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demonstrate a functional interaction between Pit-1 and Ets-1 for hormonal activation of
the prolactin gene.

Pit-1 and Ets-1 also interact cooperatively and selectively to increase the basal
expression of the prolactin gene. Co-expression of Pit-1 and Ets-1 synergistically
enhances the basal activity of a rat PRL reporter gene in a non-pituitary Hela cell line
(133). However, Pit-1b fails to synergistically activate basal rat prolactin promoter
reporter expression when co-transfected with Ets-1 in the same system. Likewise, Pit-1
fails to synergize with Ets-2 (133). These observations demonstrate the selectivity of
Pit-1 and Ets-1 activation of the rat PRL promoter.

A DNA independent physical interaction between Pit-1 and Ets-1 was also
demonstrated by Bradford et al (133). They showed that GST-Pit-1 or GST-Pit-1B fusion
proteins were both able to bind to **S-met-labeled Ets-1 but not to similarly labeled
Ets-2. Truncation mutants of Ets-1 were used to map the regions of Ets-1 which are
necessary for activity and synergy with Pit-1. (133). The region encompassing amino
acids 218-312 of Ets-1 was found to be crucial for both Pit-1 binding and basal Pit-1
synergy. Interestingly, this region corresponds to an area of divergence between Ets-1
and Ets-2 and may account for the inability of Ets-2 to bind Pit-1 and activate the PRL
gene.

The functional interaction between Pit-1 and a specific Ets family member, Ets-1,
appears to be important for the regulation of expression of the prolactin gene in both
basal and hormonally activated conditions. One mechanism which might mediate the
functional interaction between Pit-1 and Ets-1 could involve the recruitment of a
co-activator protein to the prolactin promoter. The following sections will discuss thg

known interactions between Pit-1 or Ets-1 and CBP/p300



Pit-1 and CBP/p300 Interactions

Pit-1 and CBP associate both in vivo and in vitro. CBP has been shown to co-
immunoprecipitate with Pit-1 in 293 cells that were first transfected with a Pit-1
expression plasmid (134). The domains of CBP required for in vitro Pit-1 binding have
been identified by GST-CBP fragment pull down assays (134). Pit-1 was found to
have high affinity for either the first or third zinc finger region of CBP. Co-transfection of
both Pit-1 and CBP expression plasmids into 293 cells resulted in a synergistic
activation of a reporter gene construct driven by the 1P prolactin proximal promoter
element (134). Furthermore, microinjection of anti-CBP antibodies into cells transfected
with a gal4-Pit-1 construct abolished forskolin induced activation of a Gal4 dependent
reporter gene (134). A similar result was obtained when anti-CBP antibodies were
injected into cells transfected with Pit-1 and a proximal PRL 1P element driven reporter
gene (134). Micro injection of CBP deletion mutants along with anti-CBP antibodies into
cells expressing Pit-1 allowed for the determination of those domains of CBP that are
required for the forskolin induced Pit-1 dependent activation of the 1P reporter gene
construct (134). Both the HAT and third zinc finger domain of CBP were found to be
necessary for the Pit-1 dependent activity (134). Pit-1 and p300 also appear to
cooperate in vivo to activate the expression of a much larger PRL reporter gene
construct (135). The group of Tolon et al demonstrated that the activation of a
—3000PRL-CAT reporter construct was significantly enhanced by the co-expression of
CBP and Pit-1 in HelLa cells (135).

The functional interaction between Pit-1 and the co-activator CBP/p300 appears
to be important to the regulated expression of the prolactin gene. Moreover, the cAMP
signaling pathway appears to play a direct role in the Pit-1 dependent activation of the

prolactin gene by CBP. Therefore, the list of specific transactivator interactions that are



involved in the expression of the prolactin gene has been expanded to include
Pit-1/Ets-1 and Pit-1/CBP/p300 interactions. This suggests the possibility of the
requirement of an Ets-1/p300 interaction in the regulation of expression of the profactin
gene. The functional interaction between Ets-1 and CBP/p300 has also been
investigated and will be discussed in the following sections.

Ets-1 and CBP/p300 Interactions

Although the functional interaction between Ets-1 and CBP/p300 has not yet
been seen for the prolactin gene, the interaction has been observed in the context of
two physiological relevant genes; the CD13/APN and the stromelysin genes. Initial
evidence for an interaction between Ets-1 and CBP was observed by the group of Yang
et al who were studying regulation of the hematopoietic amino peptidase N (CD13/APN)
gene (1386). Transcriptional activation of the CD13/APN gene in hematopoietic cells is
dependent upon the functional interaction of Ets-1 and Myb (137). Since CBP has
previously been shown to function as a co-activator for Myb (138), Yang et al sought to
investigate the possibility of an Ets-1 and CBP interaction in the modulation of the
CD13/APN gene. Yang et al initially found that expression of a CD13/APN luciferase
reporter in KG1a myeloblastic cells was inhibited in the presence of the adenoviral E1A
protein. This finding raised the possibility of a direct involvement of CBP/p300 in the
Ets-1 dependent expression of the CD13/APN gene. An Ets-1 and CBP/p300 link was
further established by observing that E1A could also inhibit a version of the CD13/APN
reporter gene lacking a functional Myb dependent DNA element. This indicated that
E1A was possibly targeting the Ets-1 component of the reporter gene and supported the
hypothesis that CBP/p300 functions as a co-activator of Ets-1. Yang et al also observed
E1A inhibition of Gal4-Ets-1 induced activation of a gal4 dependent reporter gene.

Furthermore, Ets-1 was found to potentiate both CBP and p300 activation of the



CD13/APN reporter. Finally, Yang et al demonstrated in vitro binding of CBP/p300 to
Ets-1. They used GST-pull down and co-immunoprecipitation experiments to show that
Ets-1 is capable of binding to either the first or third zinc finger domains of CBP/p300.
The experiments performed by Yang et al provided strong evidence of a functional
interaction between Ets-1 and CBP/p300 in the modulation of the hematopoietic
CD13/APN gene.

The Human stromelysin promoter is also activated in a synergistic manner by
Ets-1 and p300 (139). The stromelysin promoter is dependent on a palindromic Ets site
and an AP1 site (140, 141). The Ets site in the stromelysin promoter can be bound and
activated by either Ets-1 or Ets-2 (142). Therefore, Jayaraman et al sought to
determine if CBP/p300 could interact with an Ets factor and co-activate Ets dependent
stromelysin promoter activity. To this end, they utilized Hela cells which were
transiently transfected with a reporter construct containing the human stromelysin
promoter. They found that co-transfection of both Ets-1 and p300 resulted in a 25 fold
synergistic activation of the stromelysin promoter construct. Jayarman et al also used
GST-pull down experiments to determine that Ets-1 could bind to either the N or C
terminal regions of CBP/p300. These regions of CBP/p300 correspond to the same first
and third zinc finger domains which were shown to bind Ets-1 by Yang et al. Together,
the experiments of Yang and Jayaraman provide substantive evidence that Ets-1 makes
a direct functional interaction with the co-activator CBP/p300 and this interaction may be
involved in the regulation of at least two physiologically relevant genes; the CD13/APN
and the Human stromelysin genes.

The experiments described above describe the interactions of combinations of
Pit-1, Ets-1, or p300 in the involvement of specific gene expression. Pit-1/Ets-1 and

likewise, Pit-1/p300 have been shown to be involved in the regulation of the prolactin
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gene. An Ets-1/p300 interaction has not yet been demonstrated in the context of the
prolactin gene, but given their interaction in the regulation of other genes, it is very likely
that they do interact and facilitate the expression of the prolactin gene. The complete
cast of transactivating factors and the specific interactions which are required for
regulated cell specific expression of the prolactin gene remains to be discovered. Ata
minimum, it is likely that a tripartite complex of Pit-1/Ets-1/p300 serves to coordinate the
regulated expression of the prolactin gene with various extraceliular signals.

The work presented in this thesis is divided into two chapters. Chapter 2
represents work performed exclusively by Jeffrey Lauten in the laboratory of Richard
Maurer. This chapter explores the involvement of the transcriptional co-activator p300
in activation of expression of the prolactin promoter. Chapter 3 is based on a
manuscript which has been submitted for publication. It represents a collaborative work
by Paul Kievit and Jeffrey Lauten in the laboratory of Richard Maurer. Experiments in
figures 1 and 3 were performed exclusively by Jeffrey Lauten and the Gal4-p300
expression vector used in figure 5 was constructed by Jeffrey Lauten. This chapter
explores a paossible role for the mitogen activated protein kinase (MAPK) in mediating

cAMP activation of the prolactin promoter.
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CHAPTER 2

Analysis of p300 Involvement in Prolactin Gene Expression

INTRODUCTION

The proposed mode! for cell specific, hormonally-regulated gene expression
involves the assemblage of discrete combinations of transactivating factors at the
promoter. The determination of the specific combinations of transactivating factors that
are required for the modulation of expression of certain genes is important for
understanding both the mechanism of activation of the particular gene and the
mechanisms of transcriptional activation in general. The prolactin gene, with its
complexity of both cis and trans factors, serves as a good model for the study of cell
specific, hormonally-regulated gene activation. The functional interaction between
several transactivating factors has been implicated in the modulation of expression of
the PRL gene. The transcription factors Pit-1 and Ets-1 and the co-activator CBP/p300
are believed to be of particular importance for the regulation of PRL gene expression.
Several lines of evidence have shown that the interaction between pairs of these factors
is important for the regulation of PRL expression. The functional interaction between
Pit-1 and Ets-1 has been shown to be critical for the expression of a PRL reporter gene

construct (113) and a reporter gene consisting of multimers of the proximal PRL
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promoter 3P Pit-1 binding site (132, 133). CBP/p300 has been shown to interact with
Pit-1 both in vitro and in vivo and to enhance the expression of a PRL reporter gene
(135), and a reporter gene containing a multimer of a Pit-1 binding site (134). While not
yet observed in the context of the PRL gene, the interaction between Ets-1 and
CBP/p300 has been observed in at least two other genes, namely theCD13/APN (136)
and the stromelysin (139) promoters. Since the complete cast of transactivating factors
involved in the regulation of the PRL gene has yet to be determined, it is likely that the
combination of Pit-1, Ets-1, and p300 is directly involved in its regulation. Given the
possibility that large, multimeric complexes of transcription factors and co-activators are
necessary for the coordination of various intracellular signaling pathways with cell
specific gene expression and the physical and functional interactions of Pit-1, Ets-1, and
CBP/p300 which have been observed by others, we propose that a complex of Pit-1,
Ets-1, and p300 is likely involved in the regulation of expression of the PRL gene.
Therefore, we sought to determine if Pit-1, Ets-1, and p300 could act in combination to
modulate the activity of the PRL gene. Additionally, in an effort to determine the
mechanism by which hormone signals regulate PRL gene expression, we further
investigated the intracellular signaling pathways which affect the Pit-1/Ets-1/p300

dependent expression of the PRL gene.
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MATERIALS AND METHODS

Cell culture and transient transfections

F9, 293, and COS-1 cells were cultured in Dulbecco’s Modified Eagle’s Medium
(DMEM) supplemented with 10% fetal bovine serum. NIH3T3 cells were cultured in
DMEM supplemented with 10% calf serum. GH3 cells were cultured in DMEM
supplemented with 15% horse serum and 2.5% fetal bovine serum. For transient
transfections, cells were split into 6 well tissue culture dishes at an approximate density
of 500,000 cells per well. Cells were allowed to grow overnight. 2 ug total plasmid DNA
was added to the cells with Lipofectamine reagent according to manufacturer's protocol.
All assays included 100 ng CMV-B-Galactosidase expression vector to assess
transfection efficiency. Cells were incubated with DNA and Lipofectamine for 3 to 16
hours in 1 ml opti-mem Il medium. 1 ml DMEM containing 2 x serum was added and
cells were further incubated for 6 to 16 hours. Cells were washed once in PBS, lysed in
passive lysis buffer (Promega, Madison WI), and analyzed for luciferase activity.

DNA dependent Avidin-Biotin Complex assay.

A 255 bp biotinylated prolactin DNA element was generated via PCR. PCR
primers consisted of the following sequences; biotin-CAA CAG TAC CGG AAT GAA GC
and CAA TTC GAG CTC GGT ACC CG. The biotinylated doubie stranded PRL DNA
was purified on a 1% agarose gel and isolated by QiaexlI| gel extraction (Qiagen, Santa
Clara CA). The biotinylated DNA was bound to Streptavidin conjugated Dynabeads
(Dynal Oslo, Norway) and washed in B&W buffer containing 10mM Tris-HC! (Ph7.5), 1
mM EDTA, and 2 mM NaCl according to manufacturer’s protocol. Recombinant

proteins, which were graciously provided by Shall Jue and Ronald Lickteig from the
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Maurer lab, were added to the streptavidin bound PRL DNA in binding buffer consisting
of 150mM NaCl and 5mM MgCI2 and incubated at 4°C for 30 minutes in the presence of
dug sheared salmon sperm DNA. The protein complexes bound to the beads were
magnetically separated and washed 5 x in binding buffer. Samples were then subjected
to poly acrylamide gel electrophoreses and transferred onto Immobilon membranes
(Miltipore Corp, Bedford, MA) at 0.2 mA overnight. Membranes were then incubated
sequentially with the appropriate antibodies; rabbit-anti-Ets-1/Ets-2, 1:5000 dilution,
rabbit-anti-p300(N15) 1:1000 (Santa Cruz biotechnology, Santa Cruz, CA), or rabbit-
anti-Pit-1 serum 1:10,000 dilution for 1 hour at room temperature. Membranes were
washed 3 x 10 minutes in TBS-Tween 20 + 5% nonfat dry milk (blocking buffer).
Membranes were incubated with HRP (horse radish peroxidase) conjugated 2° antibody,
goat-anti-rabbit IgG 1:5000 dilution (Santa Cruz Biotechnology, Santa Cruz, CA),
washed 3 x 10 minutes in blocking buffer and visualized using enhanced
chemiluminescence (NEN, Boston, MA).

p300 deletion mutants

p300 deletion mutants were created via PCR and subcloned into PCDNA3. In

each case, the PCR primers used for the termini of p300 were the following; N terminus
p300 AGA CCC AAG CTT ACC ATG GCC, C terminus GAT GCA TGC TCG AGC GGC
CGC. Internal primers containing an engineered KPN1 site were used to generate each
deletion. The engineered KPN1 site resulted in the following amino acid substitutions at
the resulting conjoined wild type sequences: AHAT KL/GT, AZN1 LV/GT, AZN3 HL/GT.
Each PCR product was subcloned into PCDNAS3 individually and sequenced to
determine accuracy. Each fragment was then ligated back into PCDNA3 as a

Hind3/KPN1 and KPN1/XHO1 fragment. PCR primers for each deletion are as follows:
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4HAT; TAC CCG TGA ggt acc CCG GTT ATA TAA CCA GGC and GAC AAG CAC ggt
acc TTC TCT TCA CTC CG, 4ZN1; CTT GTC AGC ggt acc AAG GAG AAC AAG C and
CAT GAT TGT ggt acc TGT CTC CCC CTC, 4ZN3; AGA GAA CTC ggtacc CTT GTC
CCT TGC and GTG CCG TTC ggt acc AAC ATC AAG CAG AAG C. AZN1/ZN3 was
generated by ligating a BSTEII/KPN1 fragment from AZN3 into the AZN1 construct.
Expression of each deletion mutant was verified by western blotting cell lysates as
described above and probed with an anti-FLAG epitope antibody (SIGMA, St. Louis

MO) and a HRP conjugated anti mouse IgG secondary antibody (Santa Cruz

Biotechnology, Santa Cruz CA)

RESULTS

Pit-1 and Ets-1 synergistically activate gene expression

Previous reports have provided evidence that Pit-1 and Ets-1 can cooperate to
activate expression of the PRL promoter (113, 132, 133, 143). We have used transient
transfection assays to confirm the functional interaction of Pit-1 and Ets-1. Mouse F9
cells were transiently transfected with the 4x3P-luciferase reporter construct and
mammalian expression plasmids encoding Pit-1 and/or Ets-1 (Fig.1). The 4x3P-
luciferase reporter contains 4 sequential repeats of the composite Pit/Ets 3P site from
the rat proximal prolactin promoter and disruption of either the Pit-1 or Ets site has been
shown to diminish the reporter gene’s responsiveness to various activators (132). We
chose to test this reporter gene because it is a simplified version of the prolactin

promoter which contains only Pit-1 and Ets binding sites. Therefore, any increase in
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reporter gene activity with the transfection of Pit-1 and Ets-1 should be due solely to the
presence of the added Pit-1 and/or Ets-1. When neither Pit-1 nor Ets-1 was expressed,
there was a low level of reporter gene activity. When Pit-1 was expressed alone, a 24-
fold activation of the reporter gene was observed. When Ets-1 was expressed alone, a
4-fold activation resulted. When both Pit-1 and Ets-1 were co-transfected together, the
resultant reporter gene activation increased to 90-fold over background levels.
Therefore, Pit-1 and Ets-1 synergistically activate the 4x3P-luc reporter gene in F9 cells
confirming the results of previous studies.

We next tested if Pit-1 and Ets-1 were capable of synergistically activating
expression of a more physiologically relevant example of the prolactin promoter. We
transiently transfected a —~255PRL-luciferase reporter gene construct along with Pit-1
and/or Ets-1 expression plasmids into a variety of heterologous cell types (Fig.2). The -
255PRL-luc reporter contains all of the proximal PRL Pit-1 binding sites as well as five
putative Ets factor binding sites. When transfected into NIH/3T3, 293, or COS-1 cells,
the —255PRL-Luc reporter exhibited a low level of background activity. When either Pit-
1 or Ets-1 was introduced, a modest increase in luciferase activity was observed.
However, when Pit-1 and Ets-1 plasmids were co-transfected, luciferase activity
increased in a synergistic manner. The luciferase reporter activity increased 25-fold,
59-fold, and 23-fold over background when NIH/3T3, 293, and COS-1 cells,
respectively, were co-transfected with Pit-1 and Ets-1 expression vectors. Therefore,
Pit-1 and Ets-1 can synergistically activate the —255PRL-luc reporter gene construct in a

variety of non-pituitary cell types.
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p300 enhances Pit-1/Ets-1 dependent gene activation

Since previous reports have shown p300 to cooperatively activate gene
expression with Pit-1 (134, 135) or Ets-1 (136, 144), we reasoned that p300 would
further enhance Pit-1/Ets-1 dependent reporter gene activation. We used transient
transfection of F9 cells with the 4x3P-luc reporter gene construct to demonstrate that
p300 is capable of enhancing Pit-1/Ets-1 dependent gene activation (Fig.3). The 4x3P
reporter was chosen because it contains only Pit-1 and Ets binding sites and any activity
seen with the addition of p300 can likely be attributed to its interaction with Ets-1 and
Pit-1. The composite Pit-1/Ets 4x3P-luciferase reporter gene was activated 24-fold by
Pit-1, 4-fold by Ets-1 and 2.9-fold by p300. When all three plasmids were co-expressed,
the luciferase activity was increased to approximately 137-fold over background.
Therefore, this data shows that p300 is capable of enhancing Pit-1/Ets-1 dependent
expression of the 4x3P-Luc reporter gene in 9 cells.

Having observed that p300 is capable of enhancing the Pit-1/Ets-1 dependent
expression of the relatively simple 4x3P-luciferase reporter gene, we next assessed the
ability of p300 to augment the expression of a more complex reporter gene, the
-255PRL-luciferase reporter construct (Fig.4). We transiently transfected the —255PRL
reporter along with combinations of Pit-1, Ets-1, and p300 expression plasmids into
several heterologous cell lines and measured luciferase activity. When NIH/3T3 cells
were transfected with p300 and Pit-1, Ets-1 or Pit-1 + Ets-1, only a modest increase in
reporter gene activity was observed (Fig.4a). Expression of p300 in 293 celis resulted in
a similar, modest, approximately 1.3-fold enhancement of luciferase activity over that of
the combination of Pit-1 and Ets-1(Fig. 4b). Transfection of p300 into COS-1 celis
resulted in a somewhat greater enhancement of luciferase activity than was observed in

the other two cell types (Fig4c). These results provide evidence that p300 is capable of
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modestly enhancing Pit-1/Ets-1 dependent gene expression of a —255PRL reporter
construct in a several non-pituitary cell lines.

p300 Domain requirements

CBP/p300 is a very large molecule containing several distinct structural and
functional domains. It is possible that only one or several specific domains of CBP/p300
is/are required for the Pit-1/Ets-1 dependent enhancement of expression of the prolactin
gene. In order to determine if certain domains of p300 are necessary for its Pit-1/Ets-1
dependent activity, we constructed several deletion mutants of p300 and assessed their
activity in transient transfection assays (Fig.5). Since Pit-1 and Ets-1 have both been
shown to bind to the first and third zinc finger domains of p300 (134, 136) we chose to
construct p300 mutants which lacked these zinc finger domains (Azn1, Azn3, Azn1/3).
Given the possibility that p300's primary function as a co-activator may involve its
histone acetyltransferase (HAT) activity, and removal of this domain may prevent p300
from functioning as a co-activator, we also constructed a deletion mutant lacking the
entire HAT domain (AHAT). Each of the p300 deletion mutants was then tested in
transient transfection experiments with the —255PRL reporter to assess its activation
capabilities. Transfection with the AHAT mutant into 293 cells did not activate the PRL
promoter more than Pit-1 and Ets-1 alone. This is possibly due to the poor expression of
the mutant protein (Fig.5c). There was no obvious difference between the activity of the
Azn1, Azn3 or Azn1/3 mutants and that of wild type p300. The p300 deletion mutants
showed a similar pattern of PRL gene activation in COS-1 cells (Fig5d). Azn1 and
Azn1/3 appeared to have no obvious difference in activity when compared to wild type
p300. The Azn3 mutant showed increased activity which did not appear to be a function

of increased expression levels of the mutant. AHAT had no more activity than Pit-1 and
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Ets-1 alone but was also expressed poorly in this cell type (Fig6e). Ideally, in this type of
experiment, one or more of the domain deletion mutants will exhibit a loss of function
phenotype. For example, a recent report by Kraus et al (145) demonstrated that
individual domains of p300 were required for the activation of transcription of chromatin
templates. Unfortunately, since the activation seen by wild type p300 in our transient
co-transfection assays was typically less than 2-fold above Pit-1/Ets-1 activation, a loss
of function phenotype was difficult to assess. Therefore, these experiments were not
able to definitively demonstrate that any one particular domain of p300 is responsible
for the modest Pit-1/Ets-1 dependent enhancement of expression of the PRL gene.

The adenovirus E1A protein blocks p300 associated activation of the prolactin

gene

Since the contribution of p300 to Pit-1 and Ets-1 synergy seen thus far has been
small and inconsistent, we wanted to determine if endogenous p300 may play a role in
the activation of the prolactin gene. To this end, we took advantage of the p300-
specific binding capabilities of the adenovirus 128 E1A protein. E1A has been shown
to specifically bind io p300 and inhibit its activity (146, 147). Therefore, we used E1A in
transient transfection assays in an effort to block endogenous p300 effects on Pit-1 and
Ets-1 synergy. The effect of E1A on Pit-1 and Ets-1 activity was first examined in F9 and
COS-1 cells (Fig.6) using a Gal4 dependent reporter gene system. The 5xGald-luc
reporter gene contains 5 sequential repeats of the Gal4 binding element linked to a
luciferase reporter gene. We have previously shown that p300 is capable of enhancing
Gal4-Pit-1 or Gal4-Ets-1 fusion plasmid dependent activation of this reporter system
(data not shown). Therefore, we chose this system to assess whether E1A is capable of
blocking Pit-1/p300 or Ets-1/p300 activity. F9 cells were transfected with the 5xGal4-

luciferase reporter and Gal4-Ets-1, p300, and E1A expression vectors (Fig.6a). Based
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on the experiments performed by Lunblad et al (146), we chose to initially test 1.0 ug of
E1A expression vector in these transfection assays. Gal4-Ets-1 had little activity when
expressed alone. Luciferase activity was substantially activated by the co-expression of
p300 and Gal4-Ets-1. The introduction of E1A resulted in a 6-fold reduction of the p300
dependent Gal4-Ets-1 luciferase activity indicating that the Ets-1/p300 activity in F9
cells is sensitive to inhibition by E1A. COS-1 cells were also transiently transfected with
the Gal4 dependent reporter gene construct and either Gal4-Pit-1 or Gal4-Ets-1 fusion,
p300, and E1A expression plasmids (Fig6b). Gal4-Pit-1 had a low level of background
luciferase activity. The addition of E1A had essentially no effect on the Gal4-Pit-1
activity. In this case, E1A may be incapable of further lowering the already low level of
luciferase activity induced by the Gal4-Pit-1 expression vector or perhaps the activity of
Gal4-Pit-1 may be insensitive to inhibition by E1A. The omission of a Gal4 DNA binding
domain control expression vector in this experiment prohibits further speculation about
the activity of E1A with regards to Gal4-Pit-1 induced gene expression. The addition of
p300 and Gal4-Pit-1 caused a 4-fold increase in luciferaée activity and E1A effectively
blocked this activation. Thus, Gal4-Pit-1/p300 induced gene expression was effectively
blocked by the expression of E1A. Gal4-Ets-1 had a higher background activity than the
Gal4-Pit-1 construct in this system. The addition of E1A to Gal4-Ets-1 resulted in a
reduction in Gal4-Ets-1 induced reporter gene activity . This indicates that Gal4-Ets-1
activity with the 5xGal4-luc reporter construct in COS-1 cells may be at least partially
dependent on an E1A sensitive component. Expression of p300 modestly enhanced the
Gal4-Ets-1 activity, but the addition of E1A effectively blocked any enhancement due to
p300. The addition of E1A appeared to reduce luciferase activity to below that of Gal4-
Ets-1 and E1A, but statistical analysis revealed that the two conditions, Gal4-Ets-1/E1A

vs. Gal4-Ets-1/E1A/p300, were not significantly different (p>0.05). Therefore, E1A is
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able to inhibit p300 dependent Pit-1 or Ets-1 activity of a Gal4 dependent reporter gene
construct in two non-pituitary cell lines.

The previous experiment was performed under the assumption that the ability of
E1A to inhibit Pit-1 or Ets-1 dependent gene expression is strictly dependent on its
interaction with and sequestration of CBP/p300. However, E1A is also known to bind to
several other cellular proteins, most notably the retinoblastoma gene product, pRB
(148), and its related family members p107 and p130 (149). The inhibitory E1A effects
seen above could, therefore, be the result of E1A’s interaction with pRB and not
CBP/p300. To test whether E1A inhibits expression of the prolactin promoter in a
CBP/p300 dependent manner, we examined the effects of wild type E1A vs. a mutant
form of E1A on the Pit-1/Ets-1 dependent expression of the proximal prolactin promoter
in COS-1 cells. The mutant form of E1A (E1A-R2G) contains a single (arginine to
glycine) amino acid substitution, and has been shown to possess a decreased affinity
for binding to CBP/p300 (146, 150) but is still able to bind to pRB (150). The inhibitory
dose responses of wild-type E1A and E1A-R2G were directly compared in COS-1 cells
(Fig. 7). COS-1 cells were transfected with the —255PRL-Luc reporter, Pit-1 and Ets-1
expression vectors and increasing amounts of each type of E1A expression vector
(ranging from 0.8ng to 2.5ug ). The addition of Pit-1 and Ets-1 resuilted in a 20-fold
activation of the —255PRL reporter gene activity (data not shown). The two highest
concentrations (bar 6 and 7) of wild type E1A were able to completely inhibit Pit-1/Ets-1
induced PRL promoter expression, while only the highest concentra<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>