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ABSTRACT Estrogen (E) and progesterone (P) orches-
trate many cellular responses involved in female reproductive
physiology, including reproductive behaviors. E- and P-
binding neurons important for lordosis behavior have been
located within the ventromedial hypothalamus (VMH), and
several hormone-responsive genes have been observed there as
well. In attempts to identify additional E- and P-responsive
genes in the VMH that may contribute to sexual behaviors, we
used the differential display mRNA screening technique. One
of the genes identified encodes the 73-kDa heat shock cognate
protein (Hsc73). Quantitative in situ hybridization analysis of
brains from naturally cycling female rats revealed a signifi-
cant increase in Hsc73 mRNA in the VMH and arcuate nucleus
of animals during proestrus compared with those at
diestrus-1. To confirm that these increases were steroid
hormone dependent, we compared vehicle-treated ovariecto-
mized females with ovariectomized females treated with es-
tradiol benzoate and P. Northern analysis and in situ hybrid-
izations showed that the Hsc73 gene is enhanced by E and P
in the pituitary and subregions of the VMH. Incidentally, by
examining the primary amino acid sequence of rat, human,
and chicken progesterone receptors, we noticed that putative
Hsc73 binding sites are conserved across species with similar
sites existing in the androgen and glucocorticoid receptors.
Together these findings suggest a possible mechanism
through which E could inf luence the activities of progester-
one, androgen, and glucocorticoid receptors, by enhancing the
expression of Hsc73 in cells where these proteins colocalize.

Estrogen (E) and progesterone (P) are responsible for a
constellation of cellular events involved in female reproductive
physiology. In the brain, in particular, the binding of E and P
to receptors in neurons located within the ventromedial hy-
pothalamus (VMH) has been implicated in the facilitation of
reproductive behaviors (1). In intact female rats, these behav-
iors are observed on the afternoon of proestrus, a stage in the
estrous cycle in which an increase in estradiol is followed by a
surge of P (2). Removal of the ovaries abolishes these behav-
iors, and they can be reinstated by treating the animals with
exogenous hormone. The treatment of ovariectomized (ovx)
rats in this way has allowed reproductive behaviors and other
centrally mediated aspects of female reproductive physiology
to be studied in a controlled and predictable manner.

One way that steroid hormones mediate a physiological
response is by activating nuclear receptors to alter gene
expression in target cells (3). The finding that female sexual
behavior in rats is diminished by E receptor (ER) and P
receptor (PR) antagonists (4, 5) as well as inhibitors of
transcription (6) and protein synthesis (7) suggests that E and
P and their receptors also alter gene expression in the VMH.
In fact, E has been shown to induce several genes in the VMH
linked to female sexual behavior (for a review see ref. 1);

however, the full range of genes responsive to P in this brain
region has been difficult to identify. Therefore, we have
applied the differential display–PCR (DD-PCR) technique (8)
to hormone-treated ovx female rats, in an attempt to identify
additional E and P target genes in the vicinity of the VMH and
to clarify the molecular pathways leading to female sexual
behavior.

One of the genes we have identified with DD-PCR is the
70-kDa heat shock protein, Hsc73. Northern blotting and
quantitative in situ hybridization studies confirm the steroid-
dependent modulation of Hsc73 expression in the brains and
pituitaries of both gonadectomized female rats treated with
hormones, as well as intact rats with natural estrous cycles. It
has been known for some time that the steroid hormone
receptors interact with members of the heat shock family of
proteins, and that this interaction is required for the proper
functioning of the receptors within the cell (9). The interfaces
of the heat shock proteins with the receptors, however, are
poorly defined. Here we have expanded on the work of
Terlecky et al. (10) and observed several putative Hsc73
binding sites in the amino acid sequences of PRs, androgen
receptors (ARs), and glucocorticoid receptors (GRs), but not
ERs. Together, these findings suggest intriguing mechanisms
for the influence of E on the functioning of PR, and perhaps
AR and GR, in cells simultaneously targeted by these hor-
mones.

MATERIALS AND METHODS

Animals and Treatments. Intact and ovx adult female
Sprague–Dawley rats were obtained from the Charles River
Breeding Laboratories and maintained on a 12-h light, 12-h
dark schedule (lights on at 1000 h) with food and water
supplied ad libitum. The ovx rats were allowed to rest for 10
days postsurgery before any experimentation was performed.
Hormone treatments of ovx rats were as follows: injections
with estradiol benzoate (EB) (s.c.; 12.5 mgyrat) were followed
24 h later with injections of P (i.p., to guarantee a fast route;
500 mgyrat) (EB 1 P). Other groups of rats received either EB
followed 24 h later with sesame oil vehicle (EB 1 vehicle) or
vehicle only at both time points. Three hours after the final
injection, all animals were CO2-asphyxiated and sacrificed.
The estrous cycles of the intact rats were monitored by
cytological examination of vaginal smears taken between 0900
and 1100 h. The animals were sacrificed after three consecu-
tive 4-day cycles to ensure consistent normal reproductive
physiology. To ensure that potential maximum gene expres-
sion differences were seen, animals with contrasting serum
hormone levels were compared. One group of rats was sacri-
ficed on the afternoon (1400 h) of proestrus and the other on
the afternoon of diestrus-1 (1400 h). The brain, pituitary,
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uterus, liver, and heart from each animal were dissected and
either snap-frozen in liquid nitrogen for RNA isolation or
embedded in freezing media (TissueTek, Miles) for in situ
hybridization.

RNA Isolation and Analysis. To obtain RNA for DD-PCR,
the VMH was dissected from a 2-mm coronal section taken
from the rostral edge of the optic chiasm. Anterior and lateral
tissue was removed by cutting a trapezoid, around the third
ventricle, inscribed by the fornix and the optic tracts. Total
RNA from all tissues described above then was isolated by the
guanidinium isothiocyanate method (11). To eliminate poten-
tial DNA contamination, RNA was treated with RNase-free
DNase I (GenHunter, Nashville, TN). Northern blots were
prepared by size-fractionating 10 mg or 20 mg total RNA on
1.2% agarose gels containing 6.5% formaldehyde, transferred
to GeneScreen Plus Nylon (NENyDuPont) membranes, and
hybridized to random primed-32P-labeled (Boehringer Mann-
heim) probe specific to the 39 end of the Hsc73 gene. The blots
were hybridized according to the manufacturer’s instructions
(NENyDuPont) and washed at 65°C with a final stringency of
0.53 standard saline citratey1% SDS. The hybridization signal
was quantified by PhosphorImager (Molecular Dynamics)
analysis. Before transferring the RNA to nylon membranes,
the ethidium bromide-stained gels were photographed over
UV light with Poloroid 665 positiveynegative film. To correct
for variations in the loading of RNA, the 18S rRNA bands
visible in the negative image of the gels were quantified by
densitometry (NIH Image). The PhosphorImager values then
were divided by the densitometry values to normalize the
Hsc73 signal. The results are expressed in arbitrary Phosphor-
Imager units and presented as mean values obtained from
three or more animals.

DD-PCR. The DD technique was performed essentially as
described by Liang and Pardee (8). Briefly, total RNA (100 ng)
isolated from the VMH of the hormone-treated and control
animals described above was reverse-transcribed in a 20-ml
reaction by using an anchored oligo(dT) primer (8) and
Superscript-RT (Life Technologies, Grand Island, NY). One
microliter of the reverse transcription reaction was used in
PCR with arbitrary 10 mers and anchored oligo(dT) primers
in the presence of [a-33P]dATP according to the methods of
Liang and Pardee (8, 12). The radioactive products were
size-fractionated on 6% denaturing polyacrylamide gels and
visualized by autoradiography. The resulting autoradiographs
were examined to locate cDNA bands that satisfy two criteria:
first, they must exhibit a differential intensity between treat-
ment groups, relative to the majority that displayed a uniform
intensity between groups; and second, they must be present in
each individual within the group. Adhering to these criteria
ensured that the cDNAs chosen for further analysis were
altered by the treatment of the animals and not caused by
individual variation. Satisfactory bands then were cut from the
dried polyacrylamide gels, reamplified by PCR (8), and cloned
into the plasmid vector pCR-Script SK(1) (Stratagene) ac-
cording to the manufacturer’s instructions. The resulting
clones were sequenced by the ProteinyDNA Technology Cen-
ter at Rockefeller University and confirmed to be differentially
expressed by the slot blotting procedure of Liu and Ra-
ghothama (13). Clone identity was determined by performing
BLAST searches against the GenBank database.

In Situ Hybridization. The in situ hybridization methodology
was essentially as described by Mello et al. (14). Slides con-
taining brain tissue were hybridized and washed at 60°C, and
then treated with RNase (5 mgyml, Boehringer Mannheim) to
eliminate nonspecific binding. The final wash was performed
at room temperature at a stringency of 0.13 standard saline
phosphateyEDTA (0.18 M NaCly10 mM phosphate, pH 7.4y1
mM EDTA). After determining the signal by PhosphorImager
analysis, the slides were dipped in photographic emulsion
(NBT-2, Kodak) and exposed for 3 weeks in light protected

boxes at 4°C. Anatomically matched coronal brain sections
were quantified by counting the number of silver grains per cell
(15–35 cellsyrat) by using the Bioquant image analysis system
(R & M Biometrics, Nashville). To ensure accurate measure-
ments, three adjacent sections per animal were analyzed, and
the mean value was used for comparisons between groups.

Statistical Analysis. All results are presented as mean
values 6 SEM. Student’s t tests were used to compare the mean
differences between groups. Statistical significance was ac-
cepted at P , 0.05 (one-tailed).

RESULTS

Hsc73 mRNA Is Responsive to Ovarian Steroid Hormones
in the Female Rat VMH. To identify P-sensitive genes that may
be involved in the facilitation of female rat sexual behaviors,
DD-PCR was performed on VMH RNA from ovx rats given
EB 1 P and EB 1 vehicle (see Materials and Methods).
Following the criteria described in Materials and Methods, 25
differentially displayed bands were revealed, some showing
increases, others decreases. One of the bands, which showed a
slight increase in intensity because of the administration of P
after E priming (Fig. 1A) was isolated from the gel, reamplified
by PCR, and cloned into pCR-Script SK(1), and its enhanced
appearance was confirmed by differential slot blotting (13)
(Fig. 1B). Sequencing of this cloned DNA band revealed that
it has 100% identity to the 39 portion of the gene encoding the
rat heat shock cognate 73-kDa protein (Hsc73) (Fig. 1C). Thus,
expression of the Hsc73 gene in the VMH of an E-primed rat
is slightly enhanced by P.

Hsc73 mRNA Levels in the VMH Correlate with Changes in
Endogenous Ovarian Steroid Hormone Levels. To determine
whether Hsc73 expression is ovarian steroid hormone depen-
dent in an endogenous endocrine context, we next used
quantitative in situ hybridization analysis to examine Hsc73
expression in the brains of diestrus-1 and proestrus rats. Hsc73
mRNA was '40% higher throughout the VMH of rats in
proestrus than in rats in diestrus-1 (Fig. 2B). In contrast, there
was no significant difference in Hsc73 expression in the
neocortex in the same plane as the VMH of these animals (Fig.
2 A and B). In an attempt to more precisely map Hsc73
expression around the third ventricle of the hypothalamus, we
quantified the in situ hybridization results from the dorsome-
dial, central, and ventrolateral regions of the VMH and arcuate
nucleus. Hsc73 mRNA levels in all four subdivisions were
significantly higher at proestrus compared with diestrus-1 (Fig.
2B).

Hsc73 mRNA Levels in Pituitary and Liver Correlate with
Changes in Endogenous Ovarian Steroid Hormone Levels. To
determine whether Hsc73 expression is altered in other ovarian
steroid hormone target tissues during the estrous cycle, we
performed Northern blots on total RNA isolated from several
peripheral organs (pituitary, uterus, liver, and heart) obtained
from rats sacrificed during proestrus and diestrus-1 (Fig. 3A).
Those organs were selected because of their involvement in
reproduction or because they contain ERs and PRs (16). Only
the pituitary and liver showed statistically significant enhance-
ments (52% and 40%, respectively) in Hsc73 message levels at
proestrus compared with diestrus-1 (Fig. 3B). Although there
was substantial variability in the measurements, we observed
a similar trend with uterine RNA (Fig. 3B). In contrast, no
difference was observed in Hsc73 message levels in heart (Fig.
3B).

E, But Not P, Enhances Hsc73 mRNA Levels in the Pitu-
itary. Because the largest and most consistent difference in
Hsc73 message level between proestrus and diestrus-1 was
observed in pituitary, we used this tissue to begin determining
how E and P might influence Hsc73 mRNA. For these studies,
total RNA was isolated from pituitaries of ovx rats given
vehicle, EB 1 vehicle, or EB 1 P. Northern blot results showed
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that Hsc73 message is about 20% higher after a 27-h treatment
with EB only (EB 1 vehicle) compared with vehicle-treated
animals. Also, a 3-h treatment with P after a 24-h treatment
with EB (EB 1 P) had no additional influence on the Hsc73
message level (Fig. 4). Because the 20% elevation in Hsc73
message observed 27 h after the EB injection seemed rather
modest, we analyzed the pituitaries of ovx rats just 6 h after an
injection of EB and observed 44% more Hsc73 message in
those animals than in vehicle-treated controls (Fig. 4). Thus,
the Hsc73 mRNA increase in the pituitary seen during
proestrus compared with diestrus-1 (Fig. 3) appears to be
caused by the actions of E, with no further augmentation by the
subsequent administration of P.

E Enhances Hsc73 mRNA in the Central and Ventrolateral
VMH, Whereas the Addition of P Elevates Hsc73 mRNA in the
Central VMH and Arcuate Nucleus. Finally, to examine the
effects of E and P on Hsc73 expression in the brain, we used
quantitative in situ hybridization analysis on ovx animals
treated with hormones as described above. The Hsc73 message
throughout the entire VMH was '30% higher in the hormone-
treated animals than in the vehicle-treated control group (P ,
0.05). A more detailed quantitative analysis of these results
indicated that the ventrolateral and central regions of the
VMH are responsive to EB (68% and 31%, respectively),
whereas the dorsomedial portion, having fewer E-binding
neurons (17), remained unaffected (Fig. 5B). In addition, after
the subsequent P treatment, the Hsc73 message was increased

by 22% and 20% in the arcuate nucleus and central portion of
the VMH, respectively. In contrast, the neocortex was unaf-
fected by the hormone treatments.

Putative Hsc73 Recognition Sites in the Carboxy-Terminal
Region of the PR. During these investigations, by comparing
known amino acid sequences, we have built on the initial
observation of Terlecky et al. (10) to note an additional
putative Hsc73 recognition site in the extreme C-terminal
regions of rat, human, and chicken PR (Fig. 6). All sites are
conserved across species. Related sites appear in similar
locations within the AR and GR (Fig. 6). No similar sites were
seen in the entire amino acid sequences of either the a or b
forms of ER. Although the binding of Hsc73 to these sites
remains unproven, the possibility leads to intriguing predic-
tions (see Discussion) about the way in which E could indirectly
influence the functioning of PR, as well as AR and GR, by
stimulating the expression of Hsc73 in target cells.

DISCUSSION

ERs and PRs are members of a large family of related proteins,
the steroid hormone nuclear receptor superfamily (for a
review see ref. 3). These receptors are associated with a variety
of accessory proteins, many belonging to the heat shock family
(e.g., Hsp90, Hsp70yHsc73, Hsp23, etc.) (9). Upon ligand
binding, the accessory proteins dissociate and the receptor,
activated in the nucleus, alters the expression of target genes

FIG. 1. DD-PCR with VMH RNA from EB 1 vehicle and EB 1 P-treated ovx rats. (A) DD-PCR products. Total RNA from the VMH of four
individual EB 1 vehicle-treated ovx rats was compared with that from four individual EB 1 P-treated ovx rats by using the DD-PCR technique
of Liang and Pardee (8). The band, P-U, displaying a higher intensity in every member of the EB 1 P group (lanes 5–8) was cut from the acrylamide
gel, reamplified by PCR, and cloned into the pCR-Script SK(1) plasmid vector. (B) To confirm the DD-PCR result, the cloned DNA, pP-U.29,
was slot-blotted onto nylon membranes in duplicate and hybridized to 32P-labeled cDNA probes synthesized from poly(A)1 RNA isolated from
the VMH of EB and EB 1 P-treated ovx rats according to the procedures of Liu and Raghothama (13). Plasmid pCR-Script SK(1) was blotted
in adjacent wells and served as a negative control. (C) Plasmid pP-U.29 was sequenced, and this information was used to perform a BLAST search
against the GenBank database. The alignment of pP-U.29 with the most homologous GenBank entry, rat Hsc73 (GenBank accession no. M11942),
is shown. Vertical lines and uppercase letters indicate sequence identity. The numbers correspond to those reported by Sorger and Pelham (15).
Bold text indicates the location of the DD-PCR primer annealing sites.
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(3). Another class of accessory proteins, transcriptional coac-
tivators (e.g., P300 and SRC-1) (19, 20) and corepressors (e.g.,
NCoR) (21), modify the transcriptional properties of receptors
once the receptors are activated in the nucleus. Although much
is being learned about how accessory proteins and steroid
hormone receptors interact, little is known about how they
might influence the gene expression of one another. Here we
demonstrate that the expression of the Hsc73 gene in hormone
target tissues is influenced by E and P (Figs. 1, 4, and 5) and
that this influence likely results from a transcriptional mech-
anism because Hsc73 is only hormone responsive in cell groups
with substantial amounts of ER and PR, such as the pituitary
(16) and ventrolateral VMH (22–24), but not neocortex or
heart (Figs. 4 and 5).

Hsc73 is one of several heat shock proteins with molecular
masses of approximately 70 kDa. The binding of 70-kDa heat
shock proteins to steroid hormone receptors has been reported
by a number of investigators (for a review see ref. 9), yet the
roles of these proteins in the receptor complex remain in
question. Heat shock proteins, in general, function as molec-
ular chaperones, ensuring proper protein folding, the facilita-

tion of protein–protein interactions, and the transport of
protein complexes across membranes (25). In this latter ca-
pacity, 70-kDa members of the heat shock family have been
identified in the movement of proteins into the nucleus (26),
mitochondria (27), endoplasmic reticulum (28), and lysosome
(29). Hsc73, specifically, has been observed to facilitate the
transport of proteins into the lysosome after the withdrawal of
serum from cells in culture (29).

The Hsc73 recognition site for lysosomal transport, fre-
quently found in the C termini of target proteins, has been
loosely defined as four alternating charged and hydrophobic
amino acids before or after a glutamine (10, 18) (Fig. 6).
Terlecky et al. (10) have observed two putative Hsc73 recog-
nition sites in the C-terminal region of the primary amino acid
sequence of PR. Here we note an additional site within 22 aa
of the C terminus of PR and further note that all of these sites
are evolutionarily conserved from birds to mammals, not only
residue for residue, but in their relative locations within the
proteins as well. We also noticed additional putative Hsc73
recognition sites within the C termini of AR and GR (Fig. 6).
Together, these findings suggest that the induction of Hsc73 by

FIG. 2. In situ hybridization analysis of Hsc73 in the brains of rats at diestrus-1 and proestrus. (A) High-power magnification (330) of
representative in situ hybridization results from neocortex (Upper) and ventrolateral VMH (Lower) of intact rats at diestrus-1 (Left) and proestrus
(Right). The brains from intact rats at diestrus-1 and proestrus were dissected, embedded in freezing media, and cut into 10-mm sections. The sections
were hybridized to an antisense 35S-labeled riboprobe, specific to the 39 end of the Hsc73 gene (Fig. 1C), transcribed in vitro from plasmid pP-U.29.
(B) Quantitative analysis of results exemplified in A was performed on sections from each animal by dividing the number of silver grains by the
number of cells within the visual field at 340 magnification. Each bar represents the mean 6 SEM of three or more animals. p indicates a significant
difference (P , 0.05) in the level of Hsc73 mRNA, measured in grains per cell, between animals at proestrus and diestrus-1.
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E acting through ER could influence the activities of PR, AR,
and GR by expediting their movements within cells where
these receptors colocalize.

Hsc73 has additional functions in the cell besides its role as
a molecular chaperone. For instance, some of the properties
assigned to Hsc73 include (i) an ATPase activity for the
uncoating of clathrin-coated vesicles during endocytosis and
vesicle recycling (30), and (ii) association with cell cycle
regulatory proteins, retinoblastoma (31), p53 (32), and Bcl-2
(33).

Hormone target cells, like most cells of the endocrine
system, experience elevated vesicle transport and secretion in

response to an appropriate endocrine signal. Because Hsc73 is
involved in the cellular management of vesicles, through the
disassembly of clathrin cages (30), it is logical that an increase
in Hsc73 synthesis is required to meet the demands the ovarian
steroid hormones place on their target cells for secretion.
Thus, Hsc73 could influence sexual behavior, as well as other
aspects of reproductive physiology, because of its role in vesicle
transport in hypothalamic neurons and gonadotrophs in the
pituitary.

Hsc73 interacts with cell-cycle regulatory proteins. With the
demonstration here that Hsc73 expression also is induced by E

FIG. 4. Effect of E and P on pituitary Hsc73 mRNA levels. Total
RNA from individual animals in each treatment group was subject to
Northern analysis. The x axis indicates the time of sacrifice after a
single injection of hormone or vehicle. For the EB 1 P group, P was
injected 24 h after EB, and the animals were sacrificed 3 h later for a
total treatment time of 27 h. Quantitative analysis was performed as
described in Fig. 3B. Each bar represents the mean 6 SEM. p indicates
a significant difference (P , 0.05) between vehicle- and EB-treated
animals. 1 indicates a difference (P , 0.10) between vehicle- and EB
1 P-treated animals.

FIG. 6. Putative Hsc73 binding sites in the C termini of related
nuclear receptors. Terlecky et al. (10) and Chiang et al. (18) described
a consensus Hsc73 recognition site as glutamine before or after a
combination of four charged and hydrophobic amino acid residues.
Terlecky et al. (10) noticed two related sites in the C-terminal region
of human PR (underlined). A third similar site, QLPKI, also exists in
PR within the most C-terminal 22 aa. Chicken, human, and rat PR
amino acid sequences are aligned to show the conservation of the
Hsc73 binding sites across species. The numbers in brackets indicate
the distance, in animo acid residues, between sites. Similar putative
Hsc73 binding sites are indicted in rat ARs and GRs. All putative
Hsc73 recognition sites are in bold. The vertical lines below the
single-letter amino acid designation indicates identity with the rat PR
sequence. 1 indicates similar, but nonidentical, amino acids. Symbols
that define the consensus are as follows: Q, glutamine; 1, positively
charged amino acids; 2, negatively charged amino acids; [ ], hydro-
phobic amino acids; s, small amino acids. The GenBank accession
numbers for these sequences are L16922, M15716, M37518, M20133,
and M14053.

FIG. 3. Northern analysis of Hsc73 mRNA in several peripheral
tissues of rats at proestrus and diestrus-1. (A) Total RNA from
pituitary, uterus, liver, and heart was subjected to Northern analysis
with a Hsc73 cDNA probe prepared from plasmid pP-U.29. Hsc73
hybridization signals from representative animals at diestrus-1 and
proestrus are shown above the corresponding ethidium bromide-
stained gels. The intensely staining 28S and 18S rRNA bands are
indicated. (B) To quantitate the Northern results, the intensity of the
Hsc73 hybridization signal, determined by PhosphorImager analysis,
was normalized to the amount of RNA loaded in the corresponding
lane of the gel. Each bar represents the mean 6 SEM. p indicates a
significant difference (P , 0.05) between animals at proestrus (n 5 3)
and diestrus-1 (n 5 4). The magnitude of enhancement of Hsc73
mRNA at proestrus relative to diestrus-1 observed in pituitary, uterus,
and liver was 52%, 55%, and 40%, respectively.

FIG. 5. In situ hybridization analysis of Hsc73 in the brains of ovx rats
treated with EB and P. The brains from ovx rats treated with sesame oil
vehicle, EB and EB 1 P (see Materials and Methods) were dissected and
sectioned as in Fig. 2. In situ hybridization and quantitative analysis also
were performed as in Fig. 2. Each bar represents the mean 6 SEM of two
animals per group. p indicates a significant difference (P , 0.05) between
vehicle- and hormone-treated animals. p above the cVMH bars indicates
a significant difference (P , 0.05) between animals treated with EB only
and those that received EB 1 P.
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and may interact with PR (Fig. 6), it is possible that Hsc73
contributes to the mitogenic properties of E and P in breast,
uterine, and ovarian tissues (16). For example, Hsc73 expres-
sion changes during the remodeling of mouse breast tissue,
which accompanies gestation, lactation, and postweaning (34).
Hsc73 expression correlates very closely with circulating P
levels during these processes and has been suggested to
function within the PR-mediated pathways that govern breast
tissue remodeling (34). In addition, Hsc73, but not Hsp70, has
been identified in complexes with retinoblastoma protein,
Rb110, in ovarian carcinoma (31) and the tumor suppressor
protein, p53, in glioblastoma (35) and ovarian carcinoma (36)
derived cell lines. Also, the Bcl-2 associated protein BAG-1
interacts with both the C-terminal region of steroid hormone
receptors and Hsc73 (33) and may facilitate prostate cancer by
potentiating the activity of AR (37). Taken together, these
links between Hsc73 and cell cycle regulatory molecules, and
the connection between ovarian steroid hormones and Hsc73
shown here, warrant further investigation into how Hsc73
influences cellular proliferation, and the mechanisms by which
the Hsc73 gene is regulated by steroid hormone receptors. To
that end, we have noticed two putative E response element
half-sites, a P response element half-site and an AP-1 site
within the first intron and the genomic sequence 59 to the
transcriptional start site of the rat Hsc73 gene (15). Although
the transcriptional regulatory properties of these sites await
further study, they suggest that E and P, acting through their
nuclear receptors, directly enhance the expression of Hsc73.
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