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Meeting Report

Steroid Receptors, Transcription Factors, and Gene Expression

AACRSpecial Conferencein Cancer Research1

Understanding the mechanisms controlling normal and ma
lignant cellular physiology has evolved into studies on the basic
molecular biology and biochemistry of receptors, transcription
factors, and the regulation of gene expression. Independent
functional domains exist within receptors and many other tran
scription factors for DNA binding, ligand binding, trans-acti
vation, and interaction with other transcriptional regulatory

factors, including other receptors. While some receptors are
ligand activated, others are ligand independent. Active receptors
bind specific response elements in target genes and interact
directly with the diverse array of factors involved in formation
and function of active transcription complexes. Receptors can
stimulate or inhibit gene expression transcriptionally and post-
transcriptionally by direct and indirect mechanisms. Cell-, tis
sue-, species-, and developmental-specific controls exert equally
profound influences. Finally, steroid and polypeptide hor
mones, growth factors, signal transduction systems, transcrip
tion factors, and oncogenes are all involved in maintaining the
tenuous balance required for proper cell function. It is the
disruption of this balance that leads to malignancies such as
breast cancer. Thus, it is an implicit assumption that under
standing the intricate molecular and biochemical events con
trolling cellular functions will allow better treatment and diag
nosis of cancer.

Control of Cell Function

The transformation or switch from normal to tumor cells
that results in breast cancer can arise from a variety of altera
tions in normal cell function. Several molecular factors have
been studied for their predictive value in the clinical outcome
of treatments for axillary node-negative breast cancer. Nuclear
grade II or III (poor), low or absent estrogen binding activity,
tumor size greater than 2 cm, increased number of positive
lymph nodes, increased number of diploid cells, increased cells
in S phase measured by flow cytometry, increased cathepsin D
(possibly involved in tumor invasiveness), and expression of the
oncogene HER-2/neu are characteristics of transformation but
are of limited, or no, predictive value alone (W. L. McGuire,
University of Texas Health Science Center, San Antonio, TX).
However, it was postulated that combinatorial evaluations of
these parameters may substantially increase the power of as
sessing clinical outcome. Finally, prognosis is poor if levels of
the heat shock proteins HSP27/282 are increased, even in

Received 6/19/90; accepted 6/27/90.
' This meeting, sponsored by the American Association for Cancer Research,

Inc.. took place February 10-13, 1990, in San Diego, CA. The General Motors
Cancer Research Foundation provided a generous grant for the conference.
Members of the Program Committee were: Bert W. O'Malley, Baylor College of

Medicine, Houston, TX; Ronald M. Evans, The Salk Institute, La Jolla, CA; and
Marc E. Lippman, Vincent T. Lombardi Cancer Center, Washington, DC.

2The abbreviations used are: HSP, heat shock protein; ORF, open reading
frame; URS, upstream regulatory sequence; RAR, retinole acid receptor; 8-Br-
cAMP. 8-bromo-cyclic AMP; PR, progesterone receptor; GR, glucocorticoid
receptor; UAS1, upstream activating sequence 1; ATF, activating transcription
factor; TRE, thyroid hormone response elements; TR, thyroid hormone; LTR,
long terminal repeat; TGF, transforming growth factor; CRE, cAMP response
elements; CREB, cAMP response element-binding protein; ER, estrogen receptor;
TFIID, transcription factor HD; pol II, polymerase II; CTD, COOH-terminal
domain.

estrogen receptor-positive patients. These proteins, localized
primarily in the cytoplasm of female reproductive tissue and
some breast cells, are regulated by estrogen and environmental
stress.

Another example of alteration in cell function involves the
regulatory hierarchy controlling yeast type (I. Herskowitz, Uni
versity of California, San Francisco, CA). This is regulated by
alÃeleswitching and the subsequent expression of both DNA
binding proteins for conserved sequence elements and a vast
array of transcription factors. The cell cycle of Ustilago mayÃ¡is
(corn smut) is determined by a dimorphism between 2 forms.
The haploid form is yeast-like, nonpathogenic, unicellular, and
free living. The dikaryotic form is filamentous, pathogenic, and
mull Â¡cellularand requires corn for growth. This dimorphism is
governed by 2 loci, a and A, the incompatibility or mating type
loci. Development of the pathogenic dikaryon is initiated after
cell fusion of 2 haploids that differ at both loci.

The 2 loci are quite different. The a locus has only 2 alÃeles
and different alÃelesare necessary for development of the patho
genic form. In contrast, there are estimated to be 25 naturally
occurring alÃelesof the b locus. Since any combination of
different b alÃelestriggers the pathogenic program, this locus
governs the switch between programs.

The b locus contains an ORF2 of 410 amino acids that is

responsible for b activity. Comparisons of the ORFs of 4
different b alÃelesshowed that each contains a varible domain
in the NH2-terminal 110 amino acids (40% identity). The rest
of the ORF is highly conserved (93% identity) and contains a
motif related to the homeodomain involved in DNA binding.
Thus, it was proposed that the b alÃelescode for polypeptides
the association of which yields a regulatory protein that governs
the developmental program and pathogenicity of this organism.

Yeast mating-type interconversion, the process by which
haploid cells switch between a and a cell types, is initiated by a
site-specific endonuclease encoded by the HO gene. Expression
of this gene is restricted to mother cells during a short period
in late G, after the cell has committed itself to another mitotic
cell cycle. HO is repressed in diploid (a/a) cells. Thus, HO
transcription is sensitive to whether a cell is haploid or diploid,
whether it is a mother or daughter, and its stage in the cell
cycle.

HO expression is regulated by the 1400-base pair upstream

of the start of transcription, termed URS1, which contains
determinants of mother-cell specificity. URS2 contains a re
peated sequence motif (consensus PuNNPyCACGAAAA) re
sponsible for cell cycle-regulated HO expression. These re
peated elements are referred to as cell cycle boxes. Cell cycle
box factor binds within URS2 and requires the SW1 and SW6
gene products. The cell cycle box factor-URS2 complex is
regulated by signals from yeast cell cycle regulators, including
negative regulation by the SIN\ gene product. On the other
hand, SW\, -2, and -3 act as activators of URS 1 and antagonize
the action of SIN1.

Mechanism of Action in the Steroid/Thyroid Hormone Receptor
Superfamily

The steroid/thyroid hormone receptor superfamily also in
cludes receptors for vitamin D and retinoids. These proteins
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are homologous in 3 regions. The central portion contains a
highly conserved DNA binding domain that consists of 2 zinc
fingers. The COOH-terminal domain contains 2 additional

conserved regions involved in ligand binding.
Orphan Receptors. Screening for genes containing regions

homologous to the DNA binding domain led to the isolation
of several new genes coding for members of this superfamily.
These are called orphan receptors, since the ligands are un
known. Examples include hRXR-a; ERRI and -2; NGF1-B;
hTR2; EAR 1, 2, and 3; and the Drosophila kni, knrl, and E75.
hRXR-a has low homology with the RAR, TR, or GR but
possesses significant homology with a Drosophila receptor (R.
M. Evans, Salk Institute, La Jolla, CA). hRXR-a has similar
affinity for natural retinoids such as RAR, but unlike RAR
binds poorly to synthetic retinoids. The low homology between
RAR and hRXR-a suggests that they are not evolutionarily
related and therefore that the latter is unlikely to be a member
of the RAR gene subfamily.

Retinoic Acid Receptors. The response elements for retinoic
acid and vitamin D receptors in the osteocalcin gene promoter
also contain an overlapping AP-1 site (R. M. Evans). This site
bindsfos/jun as shown in gel shift assays resulting in a suppres
sion of basal promoter activity. Mutations in the AP-1 site
disrupted hormone responsiveness. The implication of these
interactions is that binding offos/jun to this site could oppose
vitamin D or retinoic acid induction of osteocalcin gene expres
sion and provide a rational mechanism for the opposing actions
of proliferative and differentiating agents.

Within the RAR gene subfamily, up to 7 isoforms of RAR-7

have been isolated in the mouse (A. Zelent, Strasbourg Univer
sity Medical School, Strasbourg, France). These receptor forms
vary in the NH2-terminal region at the boundary of the A and
B domains and in 5'-untranslated sequences. The relationship

between these forms has yet to be described although some
evidence indicates that tissue-specific differences in their
expression may occur. RAR expression in the developing mouse
embryo is detected in squamous epithelial cells and is specific
to cells that have a common fate rather than to cells with a
common lineage. The expression of RAR-ÃŸand -7 is nonover-
lapping in the mouse embryo, suggesting that these receptors
have specific functions in different developmental stages.

Thyroid Hormone Receptors. Two regions at either end of the
ligand-binding domain of the thyroid hormone receptor are
important for ligand binding (H. Samuels, New York University
Medical School, New York, NY). The corresponding sequences
are mutated in the ligand-independent \-erbA. homologue of

the receptor. The remainder of the domain contains a series of
heptad hydrophobic repeats, absent in the PR and GR, reminis
cent of the fos/jun leucine zippers. Expression of the heptad
repeat domain in the absence of the DNA binding domain
results in inhibition of thyroid hormone and vitamin D action,
leading to the postulate that this sequence in the aporeceptor
acts as a dominant negative regulator of transcription.

The thyroid hormone receptor can also mediate both positive
and negative transcriptional regulation of the human growth
hormone gene (J. Baxter, University of California, San Fran
cisco, CA). Deletion analysis of the rat growth hormone pro
moter reveals that there are 4 autonomous TREs. Gel shift
experiments comparing human and rat TRs suggested that rat
liver cells contain a unique nuclear factor that participates in
TR binding to the TRE. By varying the position of the TRE
relative to the ends of the probe, gel shift experiments using
either labeled DNA or hormone-labeled TRs show different

mobilities of the complexes, suggesting that TR causes bending
of the DNA.

Glucocorticoid Receptors. Although simplified models of
transcription, which overlook the influence of chromatin struc
ture, have been very important, studies on this additional level
of complexity are essential to understand regulation of gene
transcription in vivo. LTR of mouse mammary tumor virus
contains 4 repeats, tandem or imperfect palindromes, which
bind glucocorticoid and progesterone receptors, as well as NF-

1. The LTR contains precisely phased nucleosomes covering
the hormone-responsive element from â€”250to â€”60nucleotides.

Hydroxyl radical footprinting shows a precise, sinusoidal ac
cessibility to cleavage. Footprinting data confirm the prediction
that the 2 upstream and 1 downstream glucocorticoid response
element-progesterone response element sites would be inacces
sible due to nucleosome structure (M. Beato, Institute for
Molecular Biology and Cancer Research, Marburg, West Ger
many). Furthermore, exonuclease III digestion of LTR-nucleo-
some complexes reveals a pattern of "breathing" of the com

plexes with a regular pattern of interaction. PR and GR can
displace nucleosomes and alter these patterns, suggesting that
nucleosomes might act to conceal or to expose binding sites of
transcriptional activators. Thus, transcriptional regulation in
volves the removal of repressive elements in addition to direct
effects by activation factors.

Mechanisms of dexamethasone nonresponsiveness have been
investigated in mutant cell lines and in patients. In normal rat
hepatoma cells, dexamethasone does not affect GR mRNA
half-life, but it does increase GR protein half-life from 11 h to
21 h. However, the cAMP analogue 8-Br-cAMP increases GR
mRNA level by 2.5-fold by increasing mRNA half-life from 4
h to 10 h. In a model of steroid nonresponsiveness, 6.10.2
hepatoma cells, dexamethasone down-regulates GR protein
level (J-A. Gustafsson, Huddinge University Hospital, Hud-
dinge, Sweden). 8-Br-cAMP up-regulates GR mRNA level, and
induces dexamethasone responsiveness. The same effect is pro
duced by 8-Br-cAMP in the presence of cycloheximide, despite
no change in GR level. Since GR appears to be the limiting
factor in dexamethasone responsiveness, cycloheximide may
lower this threshold.

Gel shift experiments identified a DNA binding protein in
normal rat liver nuclei that represses glucocorticoid responsive
ness. This protein competes with GR. One patient with partial
glucocorticoid nonresponsiveness has been found to harbor a
heat-labile GR. Since normal hormone binding is much more
heat-labile when the GR is not associated with HSP90, it has

been proposed that association with HSP90 is required for
dexamethasone binding. This postulate has been further sub
stantiated by cross-linking and labeling studies showing that

GRs produced in vitro in reticulocyte lysates are associated with
HSP90 and have normal affinity for dexamethasone, while
receptors produced in Escherichia coli do not interact with
HSP90 and have reduced affinity for the hormone. It was
speculated that a similar mechanism might result in steroid
nonresponsiveness in some patients.

The GR negatively regulates transcription of the common a-
subunit of the gonadotropic hormones (P. L. Mellon, Salk
Institute, La Jolla, CA), trans- Activation of this gene is depend
ent upon 2 CRE, as well as a trophoblast-specific element.
Several different models have been considered to explain the
regression phenomenon, (a) GR protein might cause protein-
protein interactions that inhibit transcription (squelching). This
model is excluded, because footprinting and gel-shift experi-
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ments indicate specific GR binding to the upstream region of
the repressed gene, (b) GR might bind to DNA and directly
contact and inhibit transcription factors. This model is excluded
by experiments showing that transcriptional activation is pos
sible from glucocorticoid-responsive elements, although acti
vation is not required for repression, since a mutant GR lacking
the /raws-activation domain still functions as a represser, (c)
The GR, CREB, and trophoblast-specific element-binding pro
tein may all simultaneously bind the upstream region of the
gonadotropin a-subunit gene, but GR might interfere with the
transactivation function of CREB. This model is disproved by
experiments that alter the spacing between the CRE and the
glucocorticoid response element. When the space is increased,
both proteins bind and GR-induced repression is lost. However,
in the normal arrangement or when the space is narrowed,
CREB binding precludes GR binding. Furthermore, DNA foot
prints of CREB and GR overlap considerably, and CREB can
compete for DNA binding with GR in vitro. All of these data
support a fourth model, that GR binding interferes with CREB
binding, thereby blocking CREB-induced fra/zs-activation.

Estrogen Receptors. The cloned estrogen receptor both in
creases the transcription and decreases the degradation of vi-
tellogenin mRNA in Xenopus liver cells (D. Shapiro, University
of Illinois, Urbana, IL). The vitellogenin gene produces no
detectable transcription in the absence of estrogen, although
vitellogenin mRNA is present with a half-life of 16 h. In the

presence of estrogen, the transcription rate increases to 20
copies per cell per minute, and the vitellogenin mRNA half-life
increases to 500 h. Removal of estrogen shortens the half-life
and readdition restores the mRNA stabilization. Using a trun
cated vitellogenin gene as a model, estradiol without receptor
does not increase mRNA half-life, but the liganded ER complex
stabilizes the mRNA through the 3'-untranslated region. New

protein synthesis is not required for the stabilization effect,
since it is not blocked by cycloheximide. A high density of
polysomes is needed for the effect, however, since 2-(4-methyl-
2,6-dinitroanilino)-j'V-methylproprionamide, which blocks rein
itiation of translation, blocks estrogen-induced mRNA stabili

zation. Thus, it was suggested that ER might effect stabilization
of cytoplasmic mRNA.

The vitellogenin activation element is related to AP-1 and
NF-1 sequences, although one-half of the site is unique. Unli-
ganded ER can act as a repressor of the vitellogenin activation
element, suggesting that dominant negative mutants could be
constructed. By deletion of the second zinc finger of ER, a
mutant that binds estrogen (albeit poorly), and lacks the ability
to dimerize and to activate transcription, was constructed. This
dominant negative mutant protein inhibits the activity of wild-
type ER. Finally, the observation that different ERs and estro
gen response elements can confer either short- or long-term
responses to estrogen stimulation may provide a developmental
switch to provide liver-specific regulation of ER target genes.

Mechanisms of Transcription Initiation

The chicken PR is a member of the receptor superfamily of
transcriptional regulatory proteins. A cell-free transcription
system mediated by the purified PR has been developed to
elucidate the role of these receptors in the stepwise sequence of
events resulting in initiation of transcription. The PR stabilizes
the preinitiation complex, whereas transcription factors IIE/F
and IID are required for commitment (B. W. O'Malley, Baylor

College of Medicine, Houston, TX). Interestingly, the apore-

ceptor is fully active in this system, suggesting that purification
of the receptor removes a factor normally rendering the receptor
transcriptionally inactive. When the studies are performed with
a crude receptor preparation isolated from nuclei of the human
breast cancer cell line T-47D, ligand-dependent transcription is
observed. This further supports the hypothesis that factors not
yet defined normally prevent PR stimulation of gene transcrip
tion in the absence of ligand. The HSP90 is not a candidate for
this factor since high salt treatment to dissociate PR-HSP90
complexes does not confer ligand-independent transcription.

Similar cell-free transcription systems were previously devel
oped in yeast to study polymerase II genes. The primary func
tion of TFIID is to bind the TATA box, independent of any
prior events, to form a template-committed complex. In asso
ciation with pol II and TFIIB, -HE, and -IIP, a preinitiation
complex forms. Addition of ATP then generates an activated
complex that, in the presence of nucleoside triphosphates,
undergoes chain elongation. Yeast IID contains 240 amino
acids (R. G. Roeder, Rockefeller University, New York, NY)
with 80% homology (residues 60-240) to human IID (residues
135-315). It has a direct repeat domain (60-120), a central
basic repeat domain (120-164), and a sigma-homology region
(164-240). Deletion of the direct repeat and sigma-homology
regions abolishes TATA antigen binding, whereas deletion of
the basic repeat had no effect on this activity.

The interaction of transcriptional activators with basal tran
scription factors is extremely complex due primarily to the
number and diversity of proteins involved. It has been postu
lated that synergistic activation may occur by simultaneous
interaction of 2 fra/is-activating factors with a common target

protein. These interactions are enhanced by the constraints of
chromatin assembly. To determine whether such constraints
might normally be provided by known chromosomal proteins,
the effect of an immediate early protein of pseudorabies virus
on the assembly and transcription of nucleosome-containing
templates was studied. TFIID is unable to bind the promoter
to overcome nucleosome assembly-mediated repression when
placed in direct competition with histones and assembly factors.
The transcriptional potential of a gene within chromatin, then,
is determined during chromatin assembly and is affected by the
action of factors or processes that influence the relative rate of
activation compared with repression. Inactive templates may
be activated either by DNA replication or by general desiabili-

zation of the chromatin structure, which transiently releases
promoters from nucleosome-mediated repression. Alterna
tively, direct activation could result from some factors directly
accessing their binding sites within inactive chromatin struc
tures (perhaps during nucleosome "breathing") to form acti

vated templates. TFIID may be the factor mediating formation
of this template or it might be responsible for maintaining
promoter accessibility to such factors.

A cell-free transcription system has also been developed to

study the mechanism of pol II initiation of transcription in
yeast (R. Kornberg, Stanford University School of Medicine,
Stanford, CA). The system consists of yeast transcription fac
tors and is analogous to the cell-free systems derived from
HeLa and rat liver cell extracts. The yeast system is capable of
transcribing genes with yeast or mammalian promoters with
efficiency comparable to HeLa cell-free systems. In addition,
the effects of known transcriptional activators are similar in
magnitude, hormone dependence, and orientation in both cell-
free systems. Fractionation of a yeast nuclear extract reveals
that formation of a stable preinitiation complex with a minimal
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promoter requires 5 factors (a, b, c, d, and e) and pol II.
Transcription factor d can be replaced with purified HeLa or
yeast TFIID. The characterized system is capable of reproduc
ing squelching, which can be blocked by oligonucleotide com
petitors. X-ray crystallographic studies on monolayer crystals
of immunoaffinity-purified poi II show that subunits 4 and 7
are present with variable stoichiometry. The similar functional
properties of these are illustrated by the fact that double deletion
mutants of subunits 4 and 7 are rescued with the addition of
either subunit 4 or 7 alone.

Structure/Function Relationships of Transcription Factors

The mechanism of transcriptional activation by Spl, a se
quence-specific DNA binding protein, has been extensively
examined. Spl binds to GC-rich elements (GC boxes) in a wide

variety of viral and cellular proximal promoters and stimulates
transcription through a glutamine-rich activation domain. Ac

tivation is unaffected by replacement of this domain with a
similar domain from an unrelated protein (R. Tjian, University
of California, Berkeley, CA). Thus, glutamine-rich domains are
an important feature of fra/w-activation, which may be a com
monly utilized structural motif.

Since Spl can stimulate target gene transcription synergisti-
cally in the presence of distal and proximal promoters, the
requirement for simultaneous DNA binding of 2 Spl molecules
to both elements was tested. Mutants lacking the DNA binding
domains are transcriptionally inactive. However, addition of a
small amount of a transcriptionally active form of Sp 1 enhances
promoter activity markedly. Thus, the DNA binding form in
teracts with the fingerless deletion mutant to act synergistically.
Glutaraldehyde cross-linking verifies the interactions of the 2
forms of Spl. Furthermore, glycosylation and phosphorylation
increase transcriptional activity. Finally, the synergism may be
particularly important since the Spl promoter contains multi
ple GC boxes.

The interactions between multiple activators have also been
studied in the yeast cycl gene. HAPl contains an NH2-terminal
zinc finger DNA binding domain (residues 1-148) and a highly
acidic COOH-terminal activation domain (residues 245-445)
involved in heme induction via UASI (L. Guarente, Massachu
setts Institute of Technology, Cambridge, MA). HAP2 and
HAP3, which dimerize in the absence of DNA, also positively

regulate cyc\ expression by binding to the CCAAT box in
UAS2. Expression of HAP4, a constitutive activator of cyc\
through UAS2, is transcriptionally regulated by carbon sources.
While the NH2-terminus interacts with HAP2 and HAP3 to
form trimeric complexes at the CCAAT box (possibly in the
absence of DNA), deletion mutagenesis shows that the acidic
COOH-terminus (residues 424-554) provides the activation

function. The acidic activation domain of GAL4 substitutes for
the HAP4 activation domain in activation of UAS2. Thus, the
irons-activation and DNA binding functions are separated in

these heteromeric complexes.
The CTD of the largest subunit of RNA polymerase II, a M,

210,000 protein in the 10 subunit complex, exhibits intriguing
structure/function relationships. This domain consists of mul
tiple repeats of the heptapeptide sequence Tyr-Ser-Pro-Thr-
Ser-Pro-Ser. The number of repeats ranges from 26 in yeast
to 42 in Drosophila to 52 in mice. Double mutation in yeast
strain W-81 (including an amanitin-resistant mutation) lacking
24 repeats causes in vivo lethality, indicating the essential
feature of the CTD domain (A. Greenleaf, Duke University
Medical Center, Durham, NC). Although not directly related

to transcription initiation, RNA pol II mutants lacking CTD
function in an in vitro transcription system in the presence of
Spl. Thus, it was suggested that Spl interacts with sites not in
the CTD.

The CTD undergoes phosphorylation at multiple serines and
threonines resulting in reduced mobility in sodium dodecyl
sulfate-polyacrylamide gel electrophoresis. Identification of the

pol II kinase was attempted using an E. coli fusion protein as a
substrate. Three polypeptides of M, 58,000; 38,000; and 32,000
comigrated with CTD kinase activity. The cloned COOH-

terminal kinase 1 gene coded for a M, 58,000 protein of 528
amino acids with a hydrophilic NH2 terminus. Cloned COOH-

terminal kinase 1 gene had 40% identity with the cell division
control proteins CDC28 and CDC2 and showed high specificity
and processivity in vivo. Analogous CTD kinases exist in Dro
sophila and in humans, suggesting that phosphorylation of the

largest subunit of RNA pol II plays a common role in most
eukaryotic cells.

Specificity of Promoter Recognition

Expression of the rat insulin gene is under tissue-specific
regulation. Linker-scanner mutation analysis of the 5 '-proximal

portion of the rat insulin I and II genes indicates 8 rat insulin
promoter elements (RIPE) with promoter/enhancer activity
(M-J. Tsai, Baylor College of Medicine, Houston, TX). Using

reporter genes containing these elements with the ovalbumin
promoter fused to the CAT gene, RIPE3a (-110 to -86) and
RIPE3b (â€”126to â€”100)are active only in insulin-producing

HIT cells, thus clearly emphasizing their tissue specificity.
These elements also are synergistic when tested in combination.

Complementary DNA clones show that the RIPE3a binding
protein contains a helix-loop-helix motif resembling that of

myoDl, while other portions of the proteins are dissimilar. The
RIPE1 binding protein is a member of the steroid hormone
receptor superfamily and appears to be identical to the chicken
ovalbumin upstream promoter transcription factor. Point mu
tation analysis of the ovalbumin and insulin binding sites reveals
that the contact points of the protein with both sites are the
same, but methylation/ethylation interference experiments and
DNase I footprint experiments indicate that the sites are not
equivalent. It appears that the protein binds all the way around
the DNA helix at the ovalbumin site but only on one face of
the helix at the insulin site, thus providing a potential expla
nation for the difference in binding affinity for the two sites.

Additional studies on promoter recognition focused on RNA
pol I transcription of rRNA genes. Unlike RNA pol II and III,
pol I can only recognize the rRNA promoters from very closely
related species (R. Tjian). Human and Xenopus sequence-spe
cific RNA pol I transcription factors, although able to recognize
the same elements, do not functionally substitute for each other
in a reconstituted transcription system. These two factors form
different complexes with human factor SL1 at both human and
Xenopus promoters. Although hSLl does not bind DNA di
rectly, the formation of hUBF-hSLl complexes are detected by

DNase I footprinting. The primary recognition of the promoter
by these 2 factors is unlikely to be responsible for species
specificity between humans and Xenopus. Rather, it is more
likely that specific protein-protein interactions between tran
scription factors are necessary determinants for species-specific

promoter selectivity.
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Transcriptional Control in Development

Cellular and viral transcription factors use a variety of mech
anisms to activate transcription. In the adenovirus Eia protein,
amino acids 140-190 are sufficient and necessary for transcrip-
tional activation. Eia-responsive promoters contain ATF sites.
ATFs are a family of ubiquitous DNA binding factors that show
similarity to AP-1 and fos/jun proteins. Eia potentiates acti
vation by GAL4/ATF-2 fusion proteins, and it was postulated
that ATF-2 mediates interaction between DNA and Eia, pos

sibly binding to the amino terminus of Eia (M. R. Green,
Harvard University, Cambridge, MA). In addition, 2 pairs of
cysteines (residues 154 and 174) are required for activation by
Ela-GAL4 fusion proteins. In vitro work suggests that the full-
length GAL4 yeast activator functions during pre-initiation

complex assembly, but does not appear to recruit transcription
factor TFIID. An apparently novel method of activation ap
pears in the form of the TAT gene product of the human
immunodeficiency virus, which seems to bind sequences in the
leader portion of the mRNA. Spl is required for activation by
TAT, specifically the serine-threonine-rich regions. TAT prob

ably activates transcription by increasing subsequent rounds of
transcription after formation of the initiation complex.

Class III genes are regulated differentially by assemblies of
transcription factors during Xenopus development. Two new
proteins, FRGY1 and FRGY2, which appear to be involved in
this process, were identified (Alan P. Wolffe, NIH, Bethesda,
MD). Two newly isolated complementary DNA clones encode
these new proteins that bind to the major histocompatibility
control element Y box. The 2 new proteins contain nearly
identical DNA-binding domains that have arginine/lysine clus

ters. This basic region also contains many prolines and is similar
in structure to protamines that stabilize helix-helix interactions
in DNA. Both proteins contain putative a-helical regions rich
in acidic amino acids, and both have very hydrophilic carboxy-
terminal "arms." FRGY1 is present throughout embryogen-

esis, but FRGY2 is found only in oocytes and the testes. These
proteins may be indicative of a mechanism for differential
regulation of Y-box containing genes during Xenopus develop

ment.
The Drosophila zeste protein contains a DNA binding se

quence distantly related to the homeobox. Zeste binding sites
are found in proximity to the white, Ultrabithorax, decapenta-

plegic, Antennapedia, and other genes. The zeste protein is
involved in transvection effects, whereby control elements often
far upstream of a gene (often >50 kilobases) may effect regu
lation of the homologous copy of that gene on the paired
chromosome (V. Pirrotta, Baylor College of Medicine, Hous
ton, TX). The amino-terminal half of zeste is sufficient for

transcriptional activation and contains strings of glutamines
alternating with alanines, similar to the dorsal protein. Se
quences in the carboxy terminus of zeste have a repressive
influence on full activation. Transvection is thought to occur
by the association of widely separated DNA sequences through
protein-protein interactions. During purification the zeste pro
tein forms large aggregates, primarily through the carboxy
termini. A mutant form of zeste (z1) does not seem to form

aggregates in vitro. In this context, then, it is surprising that
overexpression of z1 resulted in partial transvection.

POU-domain proteins are implicated in the proliferation and
differentiation of various cell types including pituitary cell
lineages. The growth hormone and prolactin genes share a
common tissue-specific trans-acting factor, Pit-l. The prolactin

gene has a distal enhancer (-1700 to -1500) and a proximal
region that contains multiple binding sites for Pit-l. The distal
or proximal region alone is sufficient for correct cell-specific
expression, though the 2 regions may act synergistically in the
normal cell (M. Rosenfeld, University of California at San
Diego, La Jolla, CA). In addition, the estrogen receptor may
bind to the region in the prolactin gene and together with Pit-
1 may account for prolactin gene expression. There is some
evidence that Pit-l may be under translational control in some
cell types. Also, Pit-l controls its own expression by binding to
sites with different affinities in the promoter region of the Pit-
l gene. Since Pit-l binds as a dimer, and since many members

of this protein family are coexpressed in parts of the brain, it
was postulated that heterodimer formation may influence dif
ferential binding and specificity of regulation during develop
ment.

Oncogenes, Hormones, and Cancer

Protooncogenes as well as steroid and polypeptide hormones,
play important roles in cell proliferation and tumor develop
ment. Protooncogenes can be functionally divided into 3
groups: growth factors/receptors, intracellular signal transduc-
tion proteins, and nuclear transcription factors. It has been
postulated that nuclear transcription factors are the targets of
external stimuli such as steroids, growth factors, neurotrans-
mitters, and drugs. The action of diverse external stimuli can
converge to trigger transcription of early response genes via
different signal transduction pathways. The activation of c-fos
or 0-actin (but not c-myc) gene transcription by transmembrane
signals is independent of new protein synthesis (E. B. Ziff, New
York University Medical Center, New York, NY). Transcrip
tion of c-fos is induced within minutes, maximal by 30-60 min,
and diminished by 120 min (I. M. Verma, Salk Institute, La
Jolla, CA). Transcription is activated in a variety of different
cell types by serum, platelet-derived growth factor, and 12-0-
tetradecanoylphorbol-13-acetate, and occurs through the regu
latory dyad symmetry element of the c-fos gene. Transcription
is also regulated by activation through heterodimerization with
c-jun, and repression by the c-fos protein itself.

Knowledge of the functional relationships between growth
factors and steroid hormones is an important issue in under
standing the regulation of cell proliferation. Growth factors act
as external stimuli by binding to their cognate receptors, acti
vating the intracellular signal transduction pathway, and regu
lating target gene transcription. In HC II cells, epidermal
growth factor exerts 2 different functions: it stimulates cell
proliferation, and it reduces /3-casein synthesis (B. Groner,

Friedrich Miescher Institute, Basel, Switzerland). By sharing
the same membrane receptor with epidermal growth factor,
TGF-a has been postulated to function as an autocrine factor

and to mediate the mitogenic effect of estrogen on cell prolif
eration in breast cancer (M. E. Lippman, Vincent T. Lombardi
Cancer Center, Washington, DC). In the estrogen-responsive
MCF-7 breast cancer cell line, expression and secretion of TGF-
a, insulin-like growth factor-I, platelet-derived growth factor,
TGF-ÃŸ,and M, 52,000 cathepsin D protease are stimulated by
estrogen, leading to the hypothesis of an autocrine function of
TGF-a in mediating estrogen-induced cell proliferation. The
progression of breast cancers from estrogen responsiveness to
estrogen unresponsiveness was studied in vitro by examining
the effect of short-term (<1 month) and long-term (>6 months)
growth in the absence of estrogens on cell proliferation of MCF-
7 cells (B. S. Katzellenbogon, University of Illinois, Urbana,
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IL). Removal of weakly estrogenic phenol red from culture
media immediately reduces the cell growth rate without influ
encing the responses of stimulation by estrogen and inhibition
by antiestrogens. An increased growth rate of MCF-7 cells,
however, is observed under long-term estrogen-free conditions,
and the increased basal growth rate is not stimulated further by
estrogen, but is inhibited by anti-estrogens. Under both condi
tions, estrogen stimulates the synthesis of progesterone recep
tors. The mechanism underlying the growth adaptation of
breast cancer cells to long-term estrogen-free conditions and

furthermore, the roles of growth factors on cell proliferation of
breast cancers in the absence, or the presence, of estrogens
remains unclear.
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