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HspBP1 levels are elevated in breast tumor tissue
and inversely related to tumor aggressiveness

Ana Paula Souza - Caroline Albuquerque «

Carolina Torronteguy - Antonio Frasson - Fabio Maito -
Luciana Pereira - Vinicius Duval da Silva -

Felipe Zerwes - Deborah Raynes - Vince Guerriero -
Cristina Bonorino

Received: 7 August 2008 /Revised: 18 September 2008 / Accepted: 24 September 2008 / Published online: 6 November 2008

© Cell Stress Society International 2008

Abstract HspBP1 is a co-chaperone that binds to and
regulates the chaperone Hsp70 (Hsp70 is used to refer to
HSPA1A and HSPAI1B). Hsp70 is known to be elevated in
breast tumor tissue, therefore the purpose of these studies
was to quantify the expression of HspBP1 in primary breast
tumors and in serum of these patients with a follow-up
analysis after 6 to 7 years. Levels of HspBP1, Hsp70, and
anti-HspBP1 antibodies in sera of breast cancer patients and
healthy individuals were measured by enzyme-linked
immunosorbent assay. Expression of HspBP1 was quanti-
fied from biopsies of tumor and normal breast tissue by
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The expression of HspBP1 (an Hsp70 co-chaperone) was analyzed
in tumor samples and sera from breast cancer patients. HspBP1 is
over expressed in these tumors and a seven year follow-up analysis
found an association with a poor prognosis. Chaperones have been
shown to play important roles in tumor biology and immunology;
therefore, we believe the data in this study will serve as a basis for
the formulation of a new hypothesis on chaperone-co-chaperone
interactions and their role in tumor growth.
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Western blot analysis. The data obtained were analyzed for
association with tumor aggressiveness markers and with
patient outcome. The levels of HspBP1 and Hsp70 were
significantly higher in sera of patients compared to sera of
healthy individuals. HspBP1 antibodies did not differ
significantly between groups. HspBP1 levels were signifi-
cantly higher in tumor (14.46 ng/ug protein, n=>51)
compared to normal adjacent tissue (3.17 ng/pug protein, n=
41, p<0.001). Expression of HspBP1 was significantly lower
in patients with lymph node metastasis and positive for
estrogen receptors. HspBP1 levels were also significantly
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lower in patients with a higher incidence of metastasis and
death following a 6 to 7-year follow-up. The HspBP1/Hsp70
molar ratio was not associated with the prognostic markers
analyzed. Our results indicate that low HspBP1 expression
could be a candidate tumor aggressiveness marker.

Keywords Breast cancer - Co-chaperone - HspBP1 - Hsp70 -
Prognostic markers

Introduction

Co-chaperones are proteins that bind and regulate the
activity of chaperone proteins. The Hsp70 co-chaperone
HspBP1 was first isolated from a human heart cDNA
library using the yeast two-hybrid system with the ATPase
domain of Hsp70 as bait (Raynes and Guerriero 1998).
HspBP1 is classified as a nucleotide exchange factor and
has been shown to either inhibit or stimulate Hsp70
ATPAse depending on assay conditions (Raynes and
Guerriero 1998; Shomura et al. 2005). HspBP1 binding to
Hsp70 results in a change in the conformation of the Hsp70
ATPase domain, and this is followed by inhibition of
Hsp70-associated protein folding (McLellan et al. 2003).
HspBP1 homologues can be found in other eukaryotic
organisms; for example, Fesl is the yeast cytoplasmic
homologue of HspBP1 which can promote nucleotide
dissociation from Ssalp, the yeast homologue of Hsp70
(Kabani et al. 2002). Initial results have demonstrated that
HspBP1 does not exhibit strict tissue specific expression;
HspBP1 mRNA is expressed in all tissues examined with
the highest levels in heart, brain, skeletal muscle, and
pancreas (Raynes and Guerriero 1998).

Elevated levels of Hsp70 have been reported in a number
of tumors including breast (Torronteguy et al. 2006), lung
(Volm et al. 1995), cervical (Ralhan and Kaur 1995),
prostate, and renal (Jaattela 1999; Jolly and Morimoto
2000). Hsp70 appears to play dual and opposite roles in
cancer, promoting survival of tumor cells while contribut-
ing to tumor immunity. It was previously shown that
HspBP1 levels were elevated in two mouse tumor models
and that the molar ratio of HspBP1 to Hsp70 was within a
small range in the normal and tumor tissues examined
(Raynes et al. 2003). This ratio was considerably below the
HspBP1 to Hsp70 ratio of 4.0 estimated to be needed for
50% inhibition of Hsp70-mediated refolding of a partially
denatured protein (Raynes et al. 2003). However, it is
possible that localized concentrations of HspBP1 in the cell
could result in regional Hsp70 inhibition. Although both
Hsp70 and HspBP1 levels increase and maintain the same
molar ratio in normal tissues and tumor lines, these two
proteins are not expressed in a coordinate manner (Gottwald
et al. 20006).
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Proteins identified in tissue and circulating blood
proteins have the potential of profiling various disease
states and therefore have tremendous diagnostic and
treatment value. A major focus in cancer research is to
identify proteomic markers for risk assessment and early
detection in individuals. Nothing is known about the
expression of HspBP1 in human primary tumors. In this
study, the expression of HspBPl and Hsp70 in breast
cancer patient samples, both in tumor and normal adjacent
tissue, was compared. In addition, the concentration of
these two proteins, as well as anti-HspBP1 antibody, in the
serum of patients and normal individuals was measured.
The data were analyzed to determine if the expression of
HspBP1, or the HspBP1/Hsp70 molar ratio, associates with
aggressiveness tumor markers, as well as patient outcome.
These results verified that HspBP1 is increased in human
tumor tissue and found that low levels are related to a poor
patient outcome.

Methods and materials
Patients

Samples of tumor and normal tissue were collected from 51
patients with primary breast cancer in 2001 and 2002. All
patients were submitted to complete excision of tumor or
total mastectomy. Exclusion criteria were previous radio or
chemotherapy, familial cancer, hormonal therapy, and use
of antidepressants or corticosteroids. Serum samples of 27
of these patients were available, and control serum samples
were collected from 16 female healthy individuals. Samples
were stored at —20°C. All individuals enrolled in the study
signed an informed consent form, and the study protocol
was previously approved by the Ethics Committee of the
Sao Lucas Hospital.

ELISAS

HspBP1 enzyme-linked immunosorbent assays (ELISAs)
were performed with slight modifications from what was
previously described (Papp et al. 2005; Raynes et al. 2000).
Briefly, for anti-HspBP1 analysis, individual wells of a 96-
well microplates (Nalge Nunc, Rochester, NY, USA) were
coated overnight at 4°C with 100 pL of 1 pug/mL HspBP1
(amino acids 84-359). Plates were blocked in 100 pL of
blocking buffer (1% gelatin, 2% BSA, 0.01%Tween 20) for
1 h at room temperature with shaking. Serum samples were
added at a 1:5 dilution in duplicates and incubated
overnight at 4°C. Secondary antibody (HRP-conjugated
goat anti-human IgG; Organon Teknika, West Chester, PA,
USA) was used at a 1:500 dilution and incubated for 1 h at
room temperature with shaking.
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To measure HspBP1, plates were coated overnight at
4°C with 100 puL of 1 pg/mL sheep anti-HspBP1 antibody
(Novus Biologicals, Littleton, CO, USA) in PBS. Plates
were blocked with 100 pL of blocking buffer for 1 h at
room temperature, and serum samples were diluted 1:5,
followed by serial dilution in blocking buffer. The standard
curve contained HspBP1 (amino acids 84-359) serially
diluted from 2.5 to 0.15 ng in blocking solution. Aliquots,
100 pL, of the dilutions were added per well in duplicates,
and the plate was incubated for 2 h at room temperature
with shaking. Rabbit anti-HspBP1 (100 pL per well at
0.1 pg/mL; Delta Biolabs, Campbell, CA, USA) was added
in blocking solution and incubated at room temperature for
1 h with shaking. Goat anti-rabbit IgG HRP conjugated
(Zymed, San Francisco, CA, USA), 100 uL per well of
1:10.000 dilution was added, and the plate was incubated at
room temperature for 1 h with shaking.

To measure Hsp70 in serum, plates were coated with
anti-Hsp70 mouse (SPA-810, Assay Designs, Ann Arbor,
MI, USA) at 2 pg/ml. Plates were blocked with 5% nonfat
milk in PBS + 0.05% Tween for 2 h at room temperature.
Sera were diluted at 1:5, and the standard curve was started
at 1,000 ng/ml. Rabbit anti-Hsp70 rabbit (SPA-812, Assay
Designs) was used at 1:2,000 dilution followed by anti-
rabbit IgG (Zymed) at 1:5,000 dilution.

Plates were then rinsed six times and developed with
100 pL ready-to-use TMB (BioRad, Hercules, CA, USA)
per well with incubation for 10—-15 min at room tempera-
ture. To stop the reaction, 100 uL of 1 N HCI was added
per well. Absorbance was read at 450 nm using an Anthos
Zenyth 340r microplate reader. Standard curves were
plotted using the GraphPad Prism software, and unknowns
were determined from the standard curve. The molar ratio
HspBP1/Hsp70 was calculated in the sera of breast cancer
patients and healthy individuals based on a molecular
weight of 70 kD for Hsp70 and 40 kD for HspBP1.

Western blots

Fresh tissue samples from the invasive margins of the
tumors and adjacent normal breast tissue, as determined
macroscopically, were retrieved from each patient and
placed in Roswell Park Memorial Institute media for
immediate processing. Total protein was extracted as
previously described, and the measurement of Hsp70 in
normal and tumor tissue was done in 2003 and 2004
(Torronteguy et al. 2006). The protein concentrations of the
samples were estimated by Bradford assay (Dye Reagent
Concentrate BIO-RAD, cat. no. 500-0006) and adjusted for
loading on gels. Hsp70 blots from some patients were
repeated to confirm sample integrity and when this was not
observed, samples were excluded. HspBP1 expression in
tumor and normal tissue was determined by Western blots.

A total of 3 pg of tissue lysate of each sample were
analyzed on 10% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis gels, purified HspBP1 (full length) was
included for a standard curve using twofold serial dilutions
beginning at 0.5 pg. The membrane was blocked with 5%
nonfat dry milk in PBS for 30 min at room temperature and
incubated with sheep anti-HspBP1 at a concentration of
1 pg/mL for 1 h. The blot was incubated with the
secondary antibody (1:1,000 HRP-Rabbit anti-sheep IgG,
Zymed, San Francisco) overnight at 4°C. Actin expression
was used as a control for basal constitutive protein
synthesis, using an anti-human actin antibody (A4700,
Sigma, St. Louis, MO, USA). Samples with nondetectable
actin were discarded. For detection, blots were incubated
with the ECL system (GE Healthcare Bio-Sciences, Piscat-
away, NJ, USA) for 5 min and exposed to X-ray film
(Kodak, Rochester, NY, USA) at different times. The
concentration of HspBP1 in tumor and normal tissue bands
was determined according to the area of these bands in
relation to a curve of areas plotted by the Imagemaster
software from Pharmacia. Data was expressed as concen-
tration of HspBP1 per microgram of total protein. Quanti-
tations were repeated a minimum of three times. The molar
ratio HspBP1/Hsp70 was calculated in tumor and normal
tissues of breast cancer patients based on a molecular
weight of 70 kD for Hsp70 and 40 kD for HspBP1.

Histology

Tumor samples were fixed in formaldehyde 10%, embed-
ded in paraffin, sectioned (4 um), and applied to histology
slides. Antigen recovery was performed in Tris—ethyl-
enediaminetetraacetic acid buffer pH 9.0 by microwave
for 25 min. Endogenous peroxidase activity was blocked
with 3% hydrogen peroxide and 0.1% sodium azide.
Additional blocking was performed with 5% nonfat dry
milk. Incubation with primary antibody 1:200 (sheep anti-
HspBP1 or normal sheep serum) was performed overnight
at room temperature, followed by incubation with anti-
sheep [gG-HRP (Zymed). Slides were developed with DAB
and hydrogen peroxide. The slides were analyzed in a
BX50 Olympus Microscope, and the pictures were acquired
with a DXC 107A/P CCD Iris Sony camera using the
Image pro-plus 4.5.1 Software (Media Cybernetics).

Statistical analysis

Statistical analysis was performed using the SPSS software
version 10 (SPSS, Chicago, IL, USA) and GraphPad prism
4 (San Diego, CA, USA). The data were tested for
normality of distribution using Shapiro—Wilk’s W test and
Kolmogorov—Smirnov. None of the data were found to be
normally distributed. The Mann—Whitney U (between two
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groups) and Krustal-Wallis (three or more groups) tests
were used to assess differences between patients and
healthy individuals as well as normal tissue and tumor
breast tissue. Also, these tests were used to assess the
relationship between the data with the prognostic markers
and patient’s outcome. All statistical tests were two sided,
and p<0.05 was considered to be statistically significant.
Correlations between the data were evaluated using
Spearman rank correlation coefficients. Kaplan—Meier
survival curves were calculated from the data using the
percent survival of the patients with a long-rank test.

Results
Patient and tumor characteristics

The mean age of patients was 58.39+17.01 years old, and
49.3% had a menopause status. The mean age for healthy
individuals was 36+11 years. The mean of tumor size was
2.63+1.5 cm. Tumor characteristics, such as histological
type of the tumor, tumor size, lymph node invasion by
tumor, grade, staging (TNM classification), and lymphocyte
infiltrate and estrogen and progesterone receptors status are
summarized in Table 1.

HspBP1 and Hsp70 are elevated in sera of patients
compared to controls

The levels of serum HspBP1 and anti-HspBP1 antibody in
patients and normal individuals were measured. HspBP1
was significantly higher in sera of patients compared
with sera of healthy individuals with means of 1.25 and
0.66 ng/ml, respectively (Fig. 1A). The levels of anti-
HspBP1 antibodies did not differ significantly between
groups (Fig. 1b). Hsp70 levels were also measured to test if
the serum HspBP1/Hsp70 molar ratio differed between
patients and controls. In general, the mean levels of serum
Hsp70 (63.87 ng/ml) were much higher than the mean
levels of serum HspBP1 (1.25 ng/ml) and the mean Hsp70
levels (63.87 ng/ml) were significantly higher in sera of
patients compared to healthy individuals (13.69 ng/ml;
Fig. 1C). However, the serum HspBP1/Hsp70 molar ratio
was not different between patients with breast cancer
tumors and healthy individuals (Fig. 1D).

HspBP1 expression by tumor and normal tissues

It has previously been determined that Hsp70 is elevated in
tumor tissue of breast cancer patients (Torronteguy et al.
2006). HspBP1 and Hsp70 are both elevated in two mouse
tumor cell lines (Raynes et al. 2003); however, to date,
nothing is known on the expression of HspBP1 in human
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Table 1 Tumor characteristics

Size (mean+SD) 2.63+1.5 cm
Auxiliary lymph node status
Node negative 48.9%
1-3 31.3%
4-10 11.1%
>10 8.9%
Staging
1 29.5%
A 26.2%
1B 19.7%
1IA 4.9%
1B 8.2%
1Ic 8.2%
v 3.3%
Tumor histological type
Invasive ductal 70.3%
Invasive lobular 18.8%
Invasive tubule—lobular 6.3%
Intraductal 3.1%
Mucinous 1.6%
Tumor differentiation
Grade | 10.4%
Grade 11 64.6%
Grade 111 25.0%
Lymphocyte infiltrate
Absent 23.8%
Present 76.2%
Estrogen receptor
Negative 13.3%
Positive 86.7%
Progesterone receptor
Negative 43.3%
Positive 56.7%

primary tumors. HspBP1 expression was quantified in
tumor and normal tissue by western blot analysis in breast
cancer patient samples. Figure 2A shows a typical result for
HspBP1 expression in normal and tumor tissue of patients.
A summary of the data are presented in Fig. 2C, showing
that tumor tissue presented a significantly higher expression
of HspBPl (mean value of 14.46 ng/ug protein) than
normal adjacent tissue (mean value of 3.17 ng/ug protein; p<
0.001). However, the mean molar ratio (HspBP1/Hsp70) did
not differ between tumor and normal tissue (Fig. 2D).

Histology

HspBP1 levels are elevated in tumor tissue; therefore, it is
possible that the distribution pattern of HspBP1 differs in
tumors samples from patients with high versus low HspBP1
levels. Tumor sections from these two groups of patients
were sectioned and analyzed for HspBP1. Also, tumors
from patients with the two highest and two lowest HspBP1/
Hsp70 molar ratios were examined for HspBP1 distribu-
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Fig. 2 HspBP1 levels in normal and tumor tissue. Tissue samples
were analyzed by Western blot for HspBP1 expression and quantified
using a standard curve of purified HspBP1. a Standard curve for
HspBP1. Lanes A-D are serial dilutions of HspBP1 starting at 0.5 pg.
T tumor tissue; N, normal tissue, probed with anti-HspBP1 or anti-
actin. Numbers next to these letters denote the patient. b Tissue
samples of breast cancer were analyzed by immunohistochemistry for
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HspBP1. / Tumor tissue with high HspBP1; // Tumor tissue with low
HspBP1; I/l Tumor tissue with high molar ratio; // Tumor with low
molar ratio HspBP1/Hsp70. Magnification 400%. ¢ Levels of HspBP1
in normal (n=41) and tumor tissue (n=51) of breast cancer patients
quantified by Western blot analysis. d Data were analyzed using a
t test (p<0.001) and the distribution is normal. The molar ratio of
HspBP1/Hsp70 was calculated as described in Fig. 1
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The same was observed for patients that presented a high
(Fig. 2D III) versus a low (IV) HspBP1/Hsp70 molar ratio.

Associations between serum and tissue levels

The data obtained for HspBP1 and Hsp70 in the sera of
patients and controls was analyzed for correlations with the
data obtained in tissue samples. A Spearman correlation test
was performed and the results are shown in Table 2. Serum
levels of HspBP1, Hsp70 or anti-HspBP1 antibody did not
significantly correlate with tissue expression of HspBP1 or
Hsp70. Interestingly, we found that HspBP1 in normal
tissue correlated negatively with Hsp70 in tumor tissue (p<
0.05). As expected, molar ratios correlated negatively with
HspBP1 expression, and positively with Hsp70 expression,
but only in the compartment (tissue or serum) analyzed.

Association with tumor aggressiveness markers

The serum levels of these proteins, as well as the HspBP1/
Hsp70 molar ratios, were analyzed for association with
tumor aggressiveness markers (progesterone and estrogen
receptors, auxiliary lymph node status, tumor size, stage,
histology grade, and lymphocyte infiltrate). Mann—Whitney
and Kruskall-Wallis analysis of the means of tumors with
different characteristics were performed. None of the tested
parameters in the sera were significantly associated with
tumor aggressiveness markers (data not shown).
Associations between the protein levels and tumor
characteristics (progesterone and estrogen receptors, auxil-
iary lymph node status, tumor size, stage, histology grade,
and lymphocyte infiltrate) were analyzed. Mean levels of
HspBP1l in tumor samples were significantly lower in
patients with tumors that were positive for estrogen
receptor, at an advanced stage, or with metastatic auxiliary
lymph nodes. The graphs in Fig. 3 detail the significant
differences for each of these parameters. HspBP1 levels

Table 2 Correlations between the data (Spearman correlation)

were significantly lower in tumors of patients with an
increased number of compromised lymph nodes (Fig. 3b).
Also, HspBP1 levels were significantly lowest in patients
with tumors in an advanced stage with statistical signifi-
cance when compared to intermediate stage tumors
(Fig. 3C). This trend was present in early stage tumors
but it was not statistically significant. The other tumor
characteristics were not significantly associates with
HspBP1 levels in tumor tissue (data not shown)

Follow-up

For all patients enrolled in this study 80% of patients have
been under clinical follow-up for 6 to 7 years, and the other
20% do not return to clinical following in the Sdo Lucas
Hospital. All patients in the clinical follow-up received
surgical treatment and tamoxifen for 5 years after the
surgery. Some patients received chemotherapy and radio-
therapy based on stage and treatment response. Their
clinical data was obtained at the time of this analysis to
determine if the levels of HspBP1 as well as the other
measurements performed in this study were associated with
the patients’ clinical outcome. Associations were analyzed
(levels of HspBP1 and Hsp70 in serum, levels of anti-
HspBP1, levels of HspBP1 and HspBP1/Hsp70 in tumor
and normal tissue) with the presence of distance metastasis,
tumor relapse, and patient death. It was found that tumor
mean HspBP1 levels were significantly lower in patients
that had metastasis and died. Figure 4A and B shows
graphs detailing the significant differences for each param-
eter. This result suggested that a low HspBP1 expression in
primary tumors can be an indicator of a poor prognosis.
None of the other parameters were significantly associated
with the patients’ clinical outcome (data not shown).
Survival curves for the patients based on their tissue and
serum expression of HspBPI1, as well as their HspBP1/
Hsp70 molar ratios were made. To categorize high and low

Serum Serum Anti-HspBP1 ~ Serum HspBP1 HspBP1 HspBP1/Hsp70  HspBP1/Hsp70
HspBP1  Hsp70 HspBP1/  innormal intumor  molar ratio molar ratio
Hsp70 tissue tissue tumor tissue normal tissue

Serum HspBP1 1 0.353 0.053 —0.1 —0.285 —0.184 0.173 -0.277
Serum Hsp70 0.353 1 0.36 —0.941%* —0.349 0.268 0.169 0.105
Anti-HspBP1 0.053 0.36 1 —0.302 —-0.503 0.088 0.02 —0.378
Serum HspBP1/Hsp70 0.1 —0.941%* —0.302 1 0.16 —0.332 —0.091 —0.209
HspBP1 in normal tissue ~ —0.285  —0.349 —-0.503 0.16 1 0.255 0.478%* 0.666**
HspBP1 in tumor tissue —0.184 0.268 0.088 -0.332 0.255 1 0.634%* 0.212
Hsp70 in tumor tissue -0.214  —-0.058 0.26 —-0.025 —0.400%* —0.005 —0.719%* —0.530%*
Hsp70 in normal tissue —0.075 0.058 0.224 —-0.077 —0.137 —0.042 —0.342%* —0.796**
*p<0.05
**p<0.01
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expression of HspBP1, patients were divided into two
groups: below, equal, or above the mean levels. For
HspBP1/Hsp70 molar ratio, patients were categorized in
groups with molar ratios that were equal or above 4 (value
known to result in inhibition of 50% of Hsp70 ATPase
activity), versus patients with molar ratios below 4. None of
the differences were statistically significant (data not
shown), however, all patients with high levels of HspBP1
in tumor tissue survived, and the difference was borderline
significant (p<0.052; Fig. 4C).

Discussion

To our knowledge, this is the first report of HspBP1 levels
in human primary tumors. The results showed that HspBP1
expression was increased both in tumor tissue and sera of
breast cancer patients compared to normal adjacent tissue
and healthy normal individuals. These data agree with
previous work on two mouse tumors models that demon-
strated high expression of HspBP1 in the examined tumors

(Raynes et al. 2003). Interestingly, Hsp70 is also highly
expressed both in murine (Raynes et al. 2003) as well as
human tumors (Kaur and Ralhan 1995; Ralhan and Kaur
1995; Torronteguy et al. 2006). This is the first study to
demonstrate that serum Hsp70 levels are also increased in
breast cancer patients compared to healthy individuals. A
previous other study reported serum Hsp70 was elevated in
lung cancer patients (Suzuki et al. 20006).

Nevertheless, no significant differences were observed
when comparing the soluble HspBP1/Hsp70 molar ratio in
patients and controls. Also, no differences were observed
when we compared the HspBP1/Hsp70 molar ratio in
primary neoplasic breast tissue and adjacent normal breast
tissue. The fact that both Hsp70 and HspBP1 levels were
elevated in tumor samples could at least in part explain why
we did not observe any significant differences when
comparing the levels of HspBP1/Hsp70 molar ratios in the
groups analyzed. Overall, the HspBP1/Hps70 molar ratio in
serum as well as in breast tissue was distributed within a small
range; just a few samples had molar ratio greater than four
(the amount previously determined to inhibit 50% of Hsp70
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Fig. 4 Associations between *
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activity). This finding agrees with what was previously
demonstrated by Raynes et al. (2003), who found that molar
ratios in murine tumor lines also varied within a small range.

The serum levels of HspBP1, Hsp70, or anti-HspBP1
antibody did not significantly correlate with tumor or
healthy breast tissue expression of HspBP1 or Hsp70. We
hypothesized that the proteins found in sera could be
released by other, nonanalyzed tissue, since it has previ-
ously been shown that HspBP1 mRNA is expressed in
different tissues (Raynes and Guerriero 1998). Serum
HspBP1 and anti-HspBP1 antibody were previously dem-
onstrated to be present in healthy individuals (Raynes et al.
2006), HspBP1 is present in human serum at concentrations
ranging between 0.74 to 3.98 ng/mL. Also, it was
demonstrated that there is no significant correlation
between HspBP1 and anti-HspBP1 (Raynes et al. 2006),
thus agreeing with our present study.

Extracellular Hsp70 released from tumor cells undergo-
ing necrosis, as well as circulating in the bloodstream was
associated with enhancement of tumor growth (Asea et al.
2000; Calderwood et al. 2005). Also, Hsp70 expression in
tumor tissue was associated with a poor prognosis in breast
cancer patients (Ciocca et al. 1993; Elledge et al. 1994;
Thanner et al. 2003; Torronteguy et al. 2006). However, we
were not able to see any significant association between
serum Hsp70 levels and prognostic markers. Tissue

@ Springer

HspBP1 levels was associated with prognostic markers,
HspBP1 levels were significantly lower in patients who had
advanced stage and metastasis in auxiliary lymph nodes.
Involvement of auxiliary lymph nodes is the most
reliable and reproducible prognostic indicators for prima-
ry breast cancer; in general, 50% to 70% of patients with
positive lymph nodes have a relapse (Fisher et al. 1983).
This indicates that lower expression of HspBP1 in
primary breast tissue could be related with poor patient’s
outcome. Mean levels of HspBP1 were also significantly
lower in patients who had positive estrogen receptors
(ER). The relationship with prognosis of ER expression
in breast cancer is still controversial. Although ER pos-
itive tumors are more often well differentiated, associated
with favorable prognostic characteristics and are predic-
tors of a favorable response to endocrine therapy
(Osborne 1998), some studies have suggested that very
high levels of receptor may be associated with poor
prognosis (Fisher et al. 1988; Thorpe et al. 1993;
Hilsenbeck et al. 1998). Receptor data may be of greater
value when combined with other prognostic factors. For
this reason, it is still too early to draw conclusions from
the association of HspBP1 with estrogen receptors;
however, we believe that in this study, the significantly
lower mean of HspBP1 in patients with positive estrogen
receptor may be related to tumor aggressiveness, since
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two other important tumor aggressiveness markers were
correlated with HspBP1, namely, staging and lymph node
status.

After a 6- to 7-year follow-up, we found that patients
that had metastasis and died presented significantly lower
mean levels of HspBP1 in their primary tumors. This result
reinforced the hypothesis that the lower expression of
HspBP1 in primary breast tissue could be related to poor
patient outcome. Although we were not able to see a
statistically significant difference between the groups with
low or high HspBP1 using the Kaplan—Meier survival
curve, a trend could be observed since the results are on the
verge of significance (p<0.051). Studies with a higher
patient number will enable us to test if HspBP1 levels in
primary tumors are associated with survival. The molecular
mechanisms responsible for overexpression of HspBPI1 in
tumor cells are unknown and may be tumor specific.

The observations that primary tumor cells have elevated
levels of HspBPl and that the levels of HspBP1 are
associated with poor prognostic markers therefore raise
intriguing questions regarding whether this protein confers
a selective prosurvival advantage to such cells, contributing
to the process of tumorigenesis. There are a number of
reports indicating that Hsp70 enhances tumorigenic poten-
tial, and several candidate mechanisms have been suggested
based on the molecular evidence. We demonstrated that
HspBP1 was localized in cytoplasm and nucleus of breast
tumor tissue cells, the same localization already described
for Hsp70 expression in tumors (Vargas-Roig et al. 1998;
Torronteguy et al. 2006; Ramp et al. 2007). It remains to be
tested if HspBP1 can be involved in tumor survival in a
manner associated with Hsp70 and if there are any
differences between the activities of this protein found in
the nucleus or cytoplasm.

Breast cancer is the most common malignancy for
women throughout the industrialized world. In general,
most individuals with cancer do not die from the tumor in
the primary site, but rather from local invasion and/or
distant metastasis (Woodhouse et al. 1997). Breast cancer is
a heterogeneous disease, and there is a continual drive to
identify markers that will aid in predicting prognosis and
response to therapy. To date, relatively few markers have
established prognostic power (Payne et al. 2008). This
present study has shown that HspBP1 is elevated in breast
cancer tumors, and lower levels are associated with poor
prognosis. This inverse relationship could be a candidate
for a new cancer marker.
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