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A search for differentially expressed genes in a pair of
nonmetastatic (PC-3) versus metastatic variant (PC-
3M) human prostate carcinoma cell lines led to iden-
tification of the human heat shock factor (HSF1) as an
overexpressed gene product in PC-3M cells. Analysis
of primary prostate cancer specimens indicated that
HSF1 is generally up-regulated in most of the malig-
nant prostate epithelial cells relative to the normal
prostate cells. Among the known effectors of HSF1
action, constitutive levels of HSP70 and HSP90 are not
significantly altered by the naturally elevated expres-
sion of HSF1 as in PC-3M cells or by transduced over-
expression of HSF1 in PC-3 cells. The basal levels of
HSP27 in both cases are, however, consistently in-
creased by two- to threefold. With respect to response
to heat shock, high basal concentration of HSP90 is
not further enhanced in these cells, and HSP70 is
up-regulated irrespective of HSF1 level. Heat shock,
however, causes an increase in HSP27 when HSF1 is
up-regulated, except when the expression of HSF1 is
already too high. These results document for the first
time that HSF1 is overexpressed in human prostate
cancer cells, at least one consequence of which in the
prostate cancer cell lines tested is stimulation of both
basal and stress-induced expression of HSP27, an im-
portant factor in cell growth, differentiation, or apo-
ptosis. (Am J Pathol 2000, 156:857-864)

The inducible transcriptional response of genes encod-
ing heat shock proteins and molecular chaperones is
mediated by heat shock transcription factors (HSFs). The
family of vertebrate HSF genes consists of at least four
members (HSF1-HSF4), of which HSF1, HSF2, and HSF3
proteins function as positive regulators, and the HSF4
protein appears to act as a negative regulator.”> Com-

parison of the sequences of the vertebrate HSFs within a
single species shows approximately 40% amino acid
homology. Interspecies homology of 73 to 89%, on the
other hand, reveals a strong conservation of amino acid
sequences of a given member.®*

Human HSF1 is an 82-kd transcription factor that is
activated in response to heat shock and other forms of
environmental and chemical stress. Normally, HSF1 ex-
ists as a monomeric protein in the cytoplasm that, on heat
induction, undergoes trimerization and nuclear localiza-
tion.6~® Although the trimer can bind to DNA, its tran-
scription activation activity appears to be enhanced by
stress-induced serine phosphorylation.® The response is
mediated by binding of the activated trimer to the heat
shock element (HSE), which consists of three inverted
repeats of the sequence NGAAN and which is present in
the promoter region of HSP90, HSP70, and HSP27
genes.*10

Although elevated levels of heat shock proteins have
been reported in cancer, for example, HSP70 in melano-
ma'’ and breast carcinoma'? and HSP27 in malignant
fibrous histiocytoma, ' there is very little information in
the literature regarding the status of HSF1 in cancer
development. While applying the representational differ-
ence analysis (RDA)' to examine the differential gene
expression patterns between prostate carcinoma cell line
PC-3 and its isogenic but metastatic variant PC-3M,'>:"¢
we found that one of the genes overexpressed in PC-3M
cells was HSF1. In this report we describe a systematic
study of HSF1 expression in prostatic adenocarcinoma
cell lines and tissues and our attempts to elucidate the
consequence of HSF1 expression in relation to the basal
and heat-shock-induced levels of some of the major
downstream effectors of HSF1.
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Materials and Methods

Cell Culture

The PC-3 and PC-3M cells were cultured in DMEM con-
taining 10% fetal bovine serum, 1X nonessential amino
acid solution, 1X essential amino acid solution, and pen-
icillin-streptomycin solution as described.’® The other
prostate carcinoma cell lines, DU-145, ALVA-31, and
LNCaP, were cultured as described before.’” Adult hu-
man normal prostate epithelial cell line MLC SV40'® was
maintained in keratinocyte-serum-free medium with 5
ng/ml recombinant epidermal growth factor and 25 ng/ml
bovine pituitary extract (Gibco BRL, Grand Island, NY). A
primary prostate epithelial cell line (second passage)
was purchased from Clonetics (San Diego, CA) and al-
lowed to expand by two doubling cycles to reach a cell
density of 10° cells/100-mm dish before harvest. The cell
line Ratla was cultured as described.'® Xenograft-de-
rived human prostate cancer cell line, LAPC-42° was
maintained in 1X Iscove with 10% fetal bovine serum, 1%
penicillin-streptomycin, and 10 nmol/L R1881 (New En-
gland Nuclear, Boston, MA).

Neoplastic and Normal Prostate Specimens

Samples of prostatic adenocarcinoma and uninvolved
normal tissues were obtained either from the University of
Southern California Norris Cancer Center or from the
Department of Pathology, University of Colorado (Denver,
CO). Fresh tissues were stored in liquid nitrogen until
needed. A total of 18 prostate carcinomas and 4 normal
prostate tissues from prostate carcinoma patients was
analyzed. The study also included normal and carcinoma
tissue sections from a single prostate.

RNA Preparation and Representational
Difference Analysis (RDA)

Total RNA from 70 to 80% confluently grown PC-3 and
PC-3M cells were isolated with TRIzol reagent (Gibco
BRL) as described by the manufacturer. Subsequently,
poly(A)" mRNAs were isolated from the total RNAs by the
oligo (dT) affinity column chromatography kit purchased
from Gibco BRL. The final yield was calculated spectro-
photometrically and the quality of MRNA was checked on
a 1.4% agarose, 0.7 mol/L formaldehyde gel. Double-
stranded cDNAs were generated from the mRNA through
procedure | of the cDNA Synthesis System (Gibco BRL).
The RDA was performed as described, ' with PC-3 cells
as the designated driver population and PC-3M as the
tester population. During the first round of subtraction
and amplification, 100-fold excess of PC-3 cDNA was
used against PC-3M, whereas in generating the second
round of differential products, a 2000:1 ratio of driver to
tester cDNA was used.

Cloning and Sequencing

Differential products generated after two rounds of selec-
tion and amplification were subcloned into the BamHI site

of pBluescript KS (—). Ligated products were trans-
formed into Escherichia coli DH5« and screened for blue/
white colony formation on X-gal/AmpR Luria-Bertani
plates. Cloned cDNAs were screened for differential ex-
pression by Northern blot analyses. Positive cDNAs were
sequenced by the Sanger’s dideoxynucleotide chain ter-
mination method. Readable sequences of 150 bp or
more were further identified through the BLASTN search
program available from the world wide web at http://
www.ncbi.nlm.nih.gov/cgi-bin/BLAST.

Northern Hybridization

Ten micrograms of RNA from either PC-3 or PC-3M were
loaded onto a 1.4% agarose gel in the presence of form-
aldehyde, electrophoresed, blotted overnight onto a Mi-
cron Separations, Inc., membrane filter, and probed with
randomly primed (Prime-It kit, Stratagene, La Jolla, CA)
radiolabeled cDNA from the RDA-generated clone or
human B-actin.

Western Blotting and Immunohistochemistry

For Western blot analyses, total cell lysates collected
from plates of exponentially growing cells at 70% density
were boiled in 2x Laemmli buffer.?" Polypeptides from
one-tenth of total cell lysates from each plate (100 X 20
mm) were resolved by sodium dodecy! sulfate-polyacryl-
amide gel electrophoresis (10% gel) and subjected to
immunoblot analysis using rabbit anti-human HSF1 anti-
body® at 1:5000 dilution. Detection was achieved with a
secondary goat anti-rabbit horseradish peroxidase-con-
jugated antibody at 1:5000 dilution and chemilumines-
cence.

For the analyses of heat shock proteins the following
antibodies were used at the indicated dilutions: anti-
HSP27, rabbit polyclonal antibodies at 1:1000 (Upstate
Biotechnology, Lake Placid, NY); anti-HSP90 mouse
monoclonal antibody at 1:1000 (Transduction Laborato-
ries, Lexington, KY); and anti-HSP70 goat polyclonal an-
tibodies at 1:200 (Santa Cruz Biotechnology, Santa Cruz,
CA). The intensities of the bands were determined using
Scion Image software. The ratio of the intensity of a given
band over the intensity of the corresponding actin band
was calculated and compared for an increase or de-
crease in the expression of HSF1 or each of the HSPs.

For immunohistochemistry, exponentially growing
PC-3 and PC-3M cells were washed three times in PBS
and deposited on slides by cytospin. Frozen sections 5
pwm thick from a number of neoplastic and normal pros-
tate tissues were prepared. All slides were air dried at
room temperature for 10 minutes and fixed in 4% para-
formaldehyde in PBS, pH 7.4, for 10 minutes. Then the
slides were treated in 0.3% H,O, in methanol for 30
minutes and blocked with 1.5% normal goat serum for 1
hour. Polyclonal anti-human HSF1 primary antibody at
1:3000 dilution was added and allowed to bind at 37°C
for 1 hour. The Vectastain ABC kit (Vector Labs, Burlin-
game, CA) was used to complete the staining in which



amino ethyl carbazol was added as a peroxidase sub-
strate. Cell nuclei were counterstained with hematoxylin.

Construction of Retrovirus Expression Vectors

The 2.2-kb insert containing full-length cDNA of human
HSF18 was cut out of the plasmid vector by EcoRI and
cloned into the EcoRI site of the pWZLneo retrovirus
vector.??2® The construct containing HSF1 in the sense
orientation was confirmed by sequence analysis. The
sense or the vector-only DNA was transfected into PA317
amphotropic retrovirus packaging cell line by Lipo-
fectamine, and after 48 hours the cells were splitinto 1:10
and selected in DMEM containing 600 ug/ml G418. Be-
cause the selection of transfected cells was based on the
expression of the downstream Neo resistance gene prod-
uct from the same bicistronic proviral DNA carrying the
HSF1 cDNA, the use of the WZLneo vector allowed vir-
tually all selected resistant cells to express the desired
sequences. The surviving clones were trypsinized and
expanded individually. The viral titer of the PA317 clones
was determined by transfer of the G418 resistance to
NIH3T3 cells using serial dilutions of viral supernatant.
Clones of cells producing viral titers between 3 X 10° and
5 X 10° infectious units per ml were selected for virus
collection and for use in the experiments described.

Infection of PC-3 Cells with the Retroviruses

The harvested virus supernatants of the HSF1 sense or
the vector-alone construct were used to infect PC-3 cells
at a multiplicity of infection of approximately 10 in the
presence of 8 ug/ml polybrene, and the infection proce-
dure was repeated three times for the same culture. The
infected cells were selected in the medium containing
600 pg/ml G418, and individual drug resistant clones
were isolated and expanded for further work.

Heat Shock Treatment

Cultures of PC-3, PC-3M, and infected PC-3 cells were
incubated at 45°C in the presence of 5% CO, for 1 hour
and allowed to recover for 4 hours at 37°C. The cells were
then collected by trypsin treatment for 5 minutes and
pelleted by centrifugation at 2000 rpm for 5 minutes. The
pellets were washed with 1X PBS twice and resus-
pended in RIPA buffer. After three freeze-thaw cycles,
cell lysates were harvested by centrifugation at 10,000
rom for 10 minutes and kept at —80°C until used for
Western blotting.

Results
RDA and the Identification of HSF1 as
Differentially Expressed Product

Using mRNAs isolated from PC-3 and PC-3M cells, RDA
was applied in which PC-3 cDNA was used to drive out
common sequences in PC-3M cDNA. After two rounds of

HSF1 and Prostate Cancer 859
AJP March 2000, Vol. 156, No. 3

1 2

Figure 1. Northern blot showing differential expression of HSF1 in PC-3 and
PC-3M cell lines. Total RNA (10 pg) from PC-3 (lane 1) or PC-3M (lane 2)
cells was analyzed using the 250-bp HSF1 fragment as probe. The same blot
was subsequently hybridized to B-actin probe as an RNA loading control.

HSFI

driver/tester selections and subsequent amplification of
unique sequences, several small fragment clones were
obtained and tentatively identified through GenBank
BLAST search program. They included human keratin 19,
human transcription factor IlICa subunit, human nuclear
corepressor KAP-1, and a homolog of HSF family. The
current work concerned the HSF homolog."3® Since the
250-bp HSF fragment isolated was found to share more
sequence homology to HSF1 (178 bp of readable se-
quence out of 179 bp of published sequence) as op-
posed to HSF2 (38% amino acid homology), HSF4 (39%
amino acid homology), or chicken HSF3 (46% amino acid
homology), the data suggested that our fragment was
more likely to be derived from HSF1 than from any other
members of the HSF family. Figure 1 shows a Northern
blot of total RNAs isolated from PC-3 and PC-3M probed
with either the 250-bp fragment or the B-actin cDNA. A
single band approximately 2.0 kb in size, consistent with
the known 2156-bp cDNA' length of HSF1 exhibited a
much stronger signal in PC-3M relative to PC-3 cells,
denoting differential expression of HSF1 in these two cell
lines.

The detection of HSF1 at the protein level is demon-
strated in Figure 2. This Western blot illustrated in the
upper part of Figure 2A supported the overexpression of
HSF1 protein (82 kd) in PC-3M (lane 5) as compared to
PC-3 (lane 4). Other prostate tumor cell lines tested,
namely, LNCaP (lane 2), LAPC-4 (lane 3), DU-145 (lane
6), and ALVA-31 (not shown) also displayed a detectable
82-kd HSF1 protein band, whereas Rat1a fibroblasts did
not express readily detectable level of HSF1 (data not
shown). Normal prostatic epithelial cell line MLC SV40~
(lane 1) and primary prostate epithelial cells (not shown)
had similar levels of HSF1 expresson. Figure 2B illus-
trates differential levels of HSF1 protein expression in
sections of prostate tissues. Although our test was not
sensitive enough to detect a band corresponding to
82-kd HSF1 in three different normal prostate sections
(lanes 1-3), two of the three prostate cancer tissues
analyzed (lanes 4-6) displayed a reacting band at 82 kd.
Interestingly, the intensity of the band appeared to cor-
respond with percentage of tumor cells within the tissue
section used, which varied from 50% in lane 4 material to
75% in lane 5 to 90% in lane 6. This estimation of tumor
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Figure 2. Western blots illustrating the expression of HSF1 protein in pros-
tate cell lines and tissues. A: Cells used: 1, immortalized prostate epithelial
(MLC); 2, LNCaP; 3, LAPC-4; 4, PC-3; 5, PC-3M; 6, DU-145. B: Prostate tissue
sections: 1, normal (S95-1066); 2, normal (S15113); 3, normal (S15121); 4,
tumor S96-158; 5, tumor S15050; and 6, tumor $15284. The lower part of A
shows a-actin as loading control; the lower part of B depicts Coomassie Blue
staining of the gels.

cells was based on nuclear morphology of H&E staining
of adjacent tissue sections.?*

The relative difference in the levels of HSF1 expression
between PC-3 and PC-3M cells was also noted by immu-
nohistochemical analysis (Figure 3). Moreover, immuno-

PC-3 "

Figure 3. Immunohistochemical staining of HSF1 protein in PC-3 and PC-3M
cells. Cytospins of PC-3 and PC-3M cells were stained with both hematoxylin
and anti-HSF1 antibodies.

staining indicated that whereas PC-3 displayed both cy-
toplasmic and nuclear distribution of the HSF1 protein,
the PC-3M cells appeared to have relatively more con-
centration of HSF1 in the nucleus. Immunohistochemical
staining of frozen sections confirmed that prostate carci-
noma cells overexpressed HSF1 (Figure 4, B and D) as
compared to normal (Figure 4A) or benign hyperplasia
sections (Figure 4C). A total of 18 prostate cancer spec-
imens were tested, of which 16 showed positive staining
in the malignant epithelium, although the levels varied
from specimen to specimen. All four of the normal spec-
imens tested also showed staining but were considerably
less intense than the carcinomas.

Effect of HSF1 Overexpression on the
Expression of Heat Shock Proteins

PC-3 and PC-3M cells that differentially expressed HSF1
were subjected to heat shock treatment. Although heat
shock treatment of these cells at 43°C for 1 hour did not
induce significant changes in HSP levels, they were af-
fected when the experiments were performed at 45°C. As
shown in Figure 5, when the cells were examined imme-
diately after heat shock at 45°C for 1 hour (Figure 5A) the
primary species of HSF1 was the phosphorylated form,°
which, however, was reconverted to the unphosphory-
lated species after the recovery period of 4 hours at 37°C
(Figure 5B). Analysis of the recovered cells for the con-
tent of the various heat shock proteins revealed an inter-
esting pattern. In PC-3 cells, the heat shock increased
the levels of both HSP27 and HSP70 proteins but not that
of HSP9O0. From each of the three different sets of exper-
iments, HSP27 was determined to be up-regulated ap-
proximately two- to threefold, and HSP70 was increased
by three- to fourfold. In all three experiments, HSP90
remained unaffected by the heat treatment. Similar anal-
ysis of PC-3M cells, however, revealed an altered pattern
for HSP27, whereas the effects on HSP70 and HSP90
were quite similar to those in PC-3 cells. In repeated
experiments, unlike the effect observed in PC-3 cells,
heat treatment did not lead to significant increase in
HSP27 levels in PC-3M cells (Figure 7A). This lack of
further up-regulation was not surprising, however, be-
cause the constitutive levels of both HSF1 and HSP27
were already determined to be severalfold higher in
PC-3M cells relative to PC-3 cells (Figure 5).

To examine whether a relationship existed between the
level of HSF1 and HSP27 level in the prostate cancer
cells, we infected PC-3 cells with either a retrovirus vector
expressing HSF1 or vector-alone control retrovirus. Two
randomly selected stable transfectant clones for each
type of infection, namely, clones PC3V3 and PC3V4 (for
vector only), and clones PC3H16/3 and PC3H16/4 (for
HSF1 expression), were expanded, and examined for
HSF1 and HSP levels by Western blotting. The results
were very similar for the independent clones in each
case, and for the purpose of illustration, data obtained
with one clone of vector-transfected (PC3V3) and one
clone of HSF1 transfected PC-3 (PC3H16/3) cells are
presented in Figure 6A. When compared to the vector
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Figure 4. Illustration of HSF1 immunostaining in normal and carcinomatous prostate tissue sections. Formalin-fixed frozen sections were stained with both
hematoxylin and anti-HSF1 antibodies. A: Normal section (§95-1068) B: Tumor section (§15-2484). C: Normal section from the specimen P735. D: Tumor section

from the same specimen, P735.

control, overexpression of HSF1 indeed led to increased
expression of HSP27 by about threefold (Figure 7B).
There appeared to be some increase also in the consti-
tutive level of HSP70, whereas the HSP9O0 level remained
practically unchanged (Figure 6). On heat shock treat-
ment followed by 4 hours of recovery, the cells re-
sponded differentially with respect to HSP protein ex-
pression. Although HSP90 was not affected, there was
again a considerable increase in HSP70 (Figure 6).
HSP27 was further induced by about threefold in vector
control cells, whereas in HSF-1-overexpressing clones
HSP27 could not be induced to a significant higher level
by heat treatment (Figure 7B). This observation was
similar to what was found with the parental PC-3 and
PC-3M cells.

Discussion

Evidence was obtained that HSF1 expression is up-reg-
ulated in a metastatic prostate cancer cell line and in
most prostate cancer specimens examined. To deter-
mine whether increased HSF1 expression may also in-
volve induction of some of its downstream effectors, we

chose two pairs of cell systems for the analysis of HSP27,
HSP70, and HSP90 expression levels. The first system
was HSF1-overexpressing metastatic PC-3M cells versus
the nonmetastatic, PC-3 cells expressing low levels of
HSF1. The second system involves deliberate overex-
pression of HSF1 in PC-3 cells via a retrovirus vector for
comparison with the corresponding vector-alone trans-
duced PC-3 cells. Results from both of these systems
indicate that although constitutive levels of expression of
HSP70 or HSP90 may not be significantly influenced by
the up-regulation of HSF1, there is a consistent two- to
threefold increase in HSP27 levels with overexpression of
HSF1 in these prostatic carcinoma cells. It is also note-
worthy that HSP27 is unique with respect to response to
heat shock. In the cell systems analyzed, the amount of
HSP90 expressed constitutively is high which is appar-
ently not further enhanced by heat induced stress.
HSP70, on the other hand, is further up-regulated by heat
shock irrespective of whether the HSF1 expression is low
or high. In contrast, the HSP27 level is increased by heat
shock depending, to an extent, on the level of HSF1
expression. When the expression of HSF1 is very high, as
seen in PC-3M cells, exposure to heat shock does not
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Figure 5. Western blots to determine the levels of expression of heat shock
proteins in PC-3 and PC-3M cells before and after heat shock treatment. After
heat shock, the cells were either analyzed immediately (A) or after 4 hours’
recovery time (B). Lane 1: PC-3; lane 2: PC-3 heat-treated; lane 3: PC-3M;
lane 4: PC-3M heat-treated. The blot was first examined for HSF1, and then
stripped and reused sequentially for HSP27, HSP70, HSP90, and a-actin. p,
phosphorylated; un, unphosphorylated species of HSF1.

seem to further enhance the already strong level of
HSP27, indicating that there may be a maximal level of
HSP27 protein that cannot be surpassed.

Correlation of HSF1 up-regulation with increase in the
basal level of a member of the family of small heat shock
proteins is an interesting issue, particularly because
HSP27 could function in multiple aspects of cell growth,
differentiation, and apoptosis besides its activity as a
stress protein. The protective activity of HSP27 is likely to
be related to its action as molecular chaperone?® or actin
capping/decapping protein,?”?® induction of an increase
in glutathione, which may be critical in reduction in the
level of intracellular reactive oxygen species,?® and, in
general, as a negative regulator of apoptosis induced by
various factors.®° There is evidence that transient expres-
sion of HSP27 may be linked to decrease of cellular
proliferation before cell differentiation.®° As far as a role
for HSP27 in tumor growth or progression, there appears
to be opposing effects based on the tumor cell lines
studied.'®®" For example, there are reports of increased
tumorigenicity or invasiveness of some colon or breast
cancer cells by HSP27.3%33 Increased basal levels of
HSP27 are also noted to be associated with growth rates
of certain breast carcinoma, promyelocytic leukemia or
testicular cell lines.®*~3¢ Proliferation and tumorigenicity
of melanoma and squamous cell carcinoma cell lines are
also reported to be inhibited by overexpression of
HSP27.37 A recent study, however, described a positive
correlation between HSP27 expression and tumorigenic-
ity and metastasis of mammary and prostate tumor
cells.®®

In this work, besides noting an association of HSP27
with increased HSF1 expression, we have not investi-
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Figure 6. Effect of HSF1 overexpression in PC-3 cells with respect to heat
shock protein levels. The results are illustrated from a PC-3 vector clone
(PC-3V3) and a PC-3 HSFl-overexpressed clone (PC-3H16/3). Cells were
heated at 45°C for 1 hour and cell lysates were harvested immediately (A) or
after 4 hours’ recovery (B). Antibodies for HSF1, HSP27, HSP70, HSP90, and
a-actin were used as indicated. Lane 1: PC-3V3 control; lane 2: PC-3V3 heat
shock; lane 3: PC-3H16/3 control; lane 4: PC-3H16/3 heat shock. p, phos-
phorylated form of HSF1; un, unphosphorylated form of HSF1.

gated the pattern of HSP27 expression in human primary
prostate cancers. However, our data clearly indicate that
HSF1 expression is significantly up-regulated in the pri-
mary prostatic cancer relative to the benign epithelium.
The up-regulation, at least in the case of PC-3M, was not
due to HSF1 DNA amplification (data not shown). Be-
cause PC-3 and PC-3M cells differ significantly in inva-
sive properties in matrigel assay,®® we also examined
HSF1 transduced HSF1-overexpressing PC-3 clones for
the in vitro invasion and motility in comparison to vector-
only transfected PC-3 clones using the same proce-
dure.®® There was, however, no significant change in
these properties of PC-3 cells from HSF1 overexpression
(data not shown). Whether such modulation of HSF1
would influence in vivo invasiveness remains to be deter-
mined. Thus, at this time, it is not clear how HSF1 may
directly contribute to prostate cancer cell metastasis.
Considering that subcellular localization of HSF1 is func-
tionally critical, it is quite interesting that although HSF1
protein may be occurring both in the cytoplasm and
nucleus of PC-3 cells, nuclear staining of HSF1 is rela-
tively more pronounced in PC-3M cells. In this regard, our
preliminary study (Shi, Roy-Burman, and Cote, unpub-
lished data) of a series of prostate cancers with high risk
versus low risk for progression (stage C versus B) but
matched for Gleason grade suggests distinct patterns of
HSF1 subcellular localization: 14/32 of stage C tumors
showed strong nuclear localization versus 1/23 stage B.
Thus, intriguing leads have been obtained with HSF1 and
its interesting association with HSP27 up-regulation in the
context of the prostate cancer cell lines. In this regard, a
report on coexpression of the multidrug-resistant gene
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Figure 7. Quantitation of HSP27 levels by densitometry normalized with
respect to a-actin loading. HSP27 level in PC-3 (A) or PC-3V3 (B) was set as
1. Error bars represent SD from three independent experiments in each case.

(MDR1) and HSP27 in human ovarian cancer is notewor-
thy.3° Like the HSP genes, the MDR1 promoter has been
shown to contain heat shock elements,*® and it appears
that inhibition of HSF DNA-binding activity may decrease
the expression level of P-glycoprotein, MDR1 gene prod-
uct.*! At this time it is unknown whether HSF1 overex-
pression is linked to P-glycoprotein up-regulation in the
prostate cancer cells. Hypothetically, a simultaneous in-
crease in HSP27 and P-glycoprotein expression, will
have a significant effect on resistance to anticancer
drugs, an issue which remains to be carefully scrutinized.
There is, however, evidence that HSP27 is involved in the
development of chemoresistance to doxorubicin in hu-
man breast cancer cells.*>*3 It appears that in Chinese
hamster ovary cells overexpressing HSP27 resistance to
doxorubicin may not be related to P-glycoprotein up-
regulation.** In this case, HSP27 confers increased sur-
vival independent of MDR1 mechanism.

In conclusion, a novel association between HSF1, a
protein that activates cellular responses to stressful con-
ditions in the environment, and prostate cancer has been
uncovered. Of the well known downstream effectors of
HSF1 function, namely the heat shock proteins (HSP70,
HSP90, and HSP27), we find that HSP27 is particularly
further influenced by increased levels of HSF1. How
HSP27 up-regulation may contribute to prostate cancer
or whether HSF1 may influence metastatic phenotype of
prostate tumor cells through interaction with hitherto un-
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defined protein factors are two interesting issues for fur-
ther investigation.
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