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Abstract. Background/Aim: Studies have focused on heat
shock protein (Hsp) inhibitors as potential treatment agents in
breast cancer, with controversial results. Adopting a
pathophysiological perspective, this systematic review aims to
synthesize the evidence examining the association between
Hsp70/Hsp90 expression and breast cancer prognosis, as well
as prognosis-related clinicopathological indices. Secondarily,
changes in Hsp70/Hsp90 expression in the continuum of breast
neoplasia were assessed. Materials and Methods: Hsp70/
Hsp90 expression was approached globally, quantified by
means of immunohistochemistry, western blot or PCR. This
study was performed in accordance with the PRISMA
guidelines. Relevant studies were sought in PubMed, up to
December 31, 2015. Results: A total of 23 eligible studies were
identified (7,288 breast cancer cases). High Hsp90 expression
was associated with worse overall survival (pooled RR=148,
95%CI=1.21-1.82) and marginally with worse disease-free
survival. High Hsp70 expression also correlated with worse
disease-free survival (pooled RR=1.77, 95%CI=1.71-2.82).
Hsp70 intense expression correlated with ER positivity (pooled
OR=3.51, 95%CI=1.31-940) and PR positivity (pooled
OR=248, 95%CI=1.39-444). No significant associations were
noted between Hsp70/Hsp90 expression and
pathological variables including histological grade, tumor size,

clinico-
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nodal metastasis or patient age at diagnosis. No clear pattern
emerged for Hsp70/Hsp90 expression along the breast
neoplasia continuum. Conclusion: This systematic review and
meta-analysis highlights the prognostic role of Hsp90 and
Hsp70 expression in breast cancer. Further high-quality
studies, with detailed reporting are needed to provide
epidemiological evidence complementing the findings of
ongoing clinical trials on Hsp inhibitors.

Heat shock proteins are well maintained molecules, that are
overexpressed in cells subjected to various stress stimuli
(such as heat shock or disruption of homeostasis). They act
as molecular chaperones assisting the folding of proteins in
normal metabolic conditions and amplifying the levels of
repair and stabilization of proteins in the face of molecular
stress (1). It has been suggested that they play an important
part in cellular defense against carcinogenesis (2). Their role
in tumorigenesis includes the stabilization of oncogenic
proteins, inhibition of programmed cell death, inhibition of
replicative senescence, induction of tumor angiogenesis and
possibly the activation of invasion and metastasis (1).
Interestingly, the majority of the published studies on Hsp70
and Hsp90 expression stems from breast cancer cell lines and
xenografts and not from actual biopsy samples (3, 4).

Various anti-Hsp agents have been evaluated as
complements to the standard breast cancer treatment
regimens. From the completed phase 1 clinical trials on
Hsp90 inhibitors a low clinical activity, at least in an orally
administered form (5, 6), but various toxicities (6), such as
night blindness (4, 7), have been noted. A phase 2 clinical
trial on the use of Hsp90 inhibitor ganetespib showed
tolerable toxicity levels, and suggested a possible beneficial
effect in selected patient subgroups (8).
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Numerous studies have appeared in the literature examining
the role of Hsp70/Hsp90 protein/mRNA expression in breast
carcinogenesis, undertaking a variety of research designs,
analyses and quantification methods (immunohistochemistry,
Western blot and PCR). This systematic review aims to
synthesize the results from studies assessing: i. the prognostic
role of Hsp70/Hsp90 expression (effects upon overall/disease-
free survival), ii. their associations with meaningful
prognosis—related biomarkers and clinicopathological
characteristics, including age, histological grade, tumor size,
nodal status, ER, PgR, HER2/neu, Ki-67 and PCNALI and iii.
the changes in Hsp70/Hsp90 expression along the continuum
of normal breast tissue, precursor, pre-invasive and invasive
breast lesions. Studies evaluating the effects of interventions
with Hsp70 and Hsp90 inhibitors were not examined, as the
scope of the present systematic review pertains to the
physiological associations.

Materials and Methods

Search strategy and eligibility of studies. This systematic review and
meta-analysis was performed according to the PRISMA guidelines
and followed the a priori protocol agreed upon and signed by all
authors. Eligible articles were identified through a search of PubMed
database for the period up to December 31, 2015. The search
algorithm used is the following: (hsp OR (heat shock protein) OR
hsp70 OR hsp90) AND breast AND (cancer OR carcinoma* OR
malignan* OR neoplasm* OR tumour OR tumor OR sarcoma* OR
leiomyosarcoma*). Reference lists of relevant articles were
scrutinized for potentially eligible studies (“snowball” procedure), in
order to identify additional potentially relevant articles.

Studies referring to cancer cell lines, xenografts, in vitro and
animal studies, reviews, and cases where chemotherapy, hormonal or
irradiation therapy was performed prior to Hsp70/Hsp90 evaluation,
studies comparing the expression of Hsps in metastases versus the
primary tumor were excluded from the present review. In addition to
the systematic review of the literature, an additional unpublished
cohort (n=54) supplied by the first author was included in the present
systematic review (mentioned as “Dimas, unpub.” throughout the
text) (9). The details about patients and methods regarding this study
are presented in the Supplemental File A (https://s3.eu-central-
1.amazonaws.com/dimas-et-al/Supplemental+A.docx).

Two authors (DD and CP) working independently and blindly to
each other performed the selection of eligible studies. In case of a
disagreement a consensus with the whole team was reached.

Data extraction and effect estimates. Relevant details are presented
in Supplemental File B (https://s3.eu-central-1.amazonaws.com/
dimas-et-al/Supplemental+B.docx).

Statistical analysis and risk of bias. Random-effects (DerSimonian-
Laird) models were used to calculate pooled effect estimates, as
appropriate. Between-study heterogeneity was assessed through
Cochran Q statistic and by estimating 12 (10).

Regarding the associations between Hsp70/Hsp90 expression and
(overall or relapse free) survival, pooling of hazard ratios / relative
risks was performed, given the underlying cohort design. On the
other hand, concerning the associations between clinicopathological
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Figure 1. Flow chart presenting the successive steps during the selection
of eligible studies.

variables and Hsp70/Hsp90 expression, the relevant odds ratios were
pooled. A comparison between "highest" vs. "lowest" expression
categories was adopted, as in our previous meta-analyses (11, 12).

Meta-analysis was performed only for outcomes examined by
three or more study arms. Nevertheless, given that the main
outcome of this meta-analysis was survival, an explorative synthesis
based on two studies was undertaken for (overall or relapse free)
survival. Statistical analysis was performed using STATA/SE
version 13 (Stata Corp, College Station, TX, USA).

Regarding the risk of bias, the quality of the included studies was
evaluated using the Newcastle-Ottawa Quality scale, separately for
cohort, cross-sectional and case-control studies (13). No assessment
of publication bias was undertaken, given that the number of
synthesized studies was considerably less than 10 (10-12).

Results

Selection and description of eligible studies. The
aforementioned algorithm rendered 1369 results, of which 23
studies were deemed eligible. Details about the selection of
studies are presented in Supplemental File B (https://s3.eu-
central-1.amazonaws.com/dimas-et-al/Supplemental+B.docx
) (2,9, 14-34). Figure 1 presents the PRISMA flow chart for
the selection of studies.

Table I presents the characteristics of the included studies.
Table II illustrates the results pertaining to the association
between Hsp70/Hsp90 and the development of metastases,
and survival. Finally, Table III summarizes the correlations
between the expression of Hsp70/Hsp90 and the various
clinicopathological characteristics examined in each study.

Hsp90 expression, subsequent development of metastases
and survival. Three studies examined the impact of Hsp90
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Table 1. Characteristics of the included studies.

Study Country Sample Age Follow-up Hsp70 Hsp90 Type of Method
publication size range (mean or assessment assessment breast of Hsp
median) lesions assessment
Tauchi et al., Japan 59 (+5 N/R N/A yes no 59 breast Mouse monoclonal antibody against
1991 (27) benign) carcinomas, Hsp70 (RPN-1197, Amersham), mouse
5 fibroadenomas monoclonal antibody against c-myc
(OM-11-906, Cambridge Research
Biochemicals), Western blot
Ciocca et al., USA 507 N/R 8 years yes no Invasive, node Mouse monoclonal antibody C92
1993 (16) negative breast for Hsp70, Western blot
carcinoma
Jameel et al., UK 123 (+17 25-88 7 years no yes Invasive breast PCR and Northern blotting
1993 (18) normal) carcinoma, IDC
(76.42%),
ILC (8.13%),
medullary (1.63%),
papillary (1.63%),
colloid (0.81%) and
others (11.38%)
Shyamala et al., Canada 23 N/R N/A no yes Breast neoplasias Western blot
1993 (22)
Takahashi et al., Japan 121 N/R N/A yes no Invasive human Mouse monoclonal antibody to EGF-R1
1994 (25) breast carcinoma, (Amersham Japan, Tokyo, Japan),
IDC (88.71%), anti-p53 antibodies, clones PAb 1801,
ILC (1.61%), PAb 1620 and PAb 240 (Oncogene
Mixed (2.42%), Science, Manhasset, NY), anti-c-erbB-2
Medullary carcinoma antibody, clone NCL-CB11
(3.23%), Mucinous (Novocastra Laboratories, Newcastle,
(2.42%), Apocrine UK). Anti-Hsp70, clone C92
Carcinoma (1.61%) (Amersham)
Takahashi et al., Japan 121 N/R N/A yes no Invasive human Mouse anti-ER monoclonal
1995 (26) breast carcinoma, IDC antibody, clone 1D5 (Dako
(88.71%), ILC (1.61%), Japan, Kyoto, Japan)
Mixed (2.42%),
Medullary carcinoma
(3.23%), Mucinous
(2.42%), Apocrine
Carcinoma (1.61%)
Yano et al., Japan 131 N/R N/A yes yes Papillotubular Mouse monoclonal antibody
1996 (31) carcinoma (35.88%), BRM-22 against the constitutive
solid tubular carcinoma and inducible forms of Hsp70
(14.50%), scirrhous  (Sigma), mouse monoclonal antibody
carcinoma (37.40%), PC10 against PCNA (Novocastra
other types (12.21%) Laboratories, UK) and silver staining
nucleolar organizer regions(AgNORs).
mRNA in situ hybridization (ISH)
Franzen et al., Sweden 23 N/R N/A no yes 4 fibroadenomas, Immunoblotting
1997 (17) 2 other benign
breast lesions, 17
malignant carcinomas
Lazaris et al., Greece 80 29-65 N/A yes no Primary ductal Dako monoclonal antibody
1997 (20) infiltrative carcinoma to PCNA (clone PC-10), Dako
not otherwise specified polyclonal antibody to Hsp70
Vargas-Roig Argentina 40 22-70 N/A yes no IDC (85%), Mouse monoclonal antibody BRM-22

etal., 1997 (30)

Medullary Carcinoma
(5%), Colloid Carcinoma

(2.5%), Papillary

Carcinoma (2.5%),

against the constitutive and inducible
forms of Hsp70(Sigma), mouse
monoclonal antibody PC10 against
PCNA (Novocastra Laboratories, UK)

ILC (2.5%), other (2.5%) and silver staining nucleolar organizer

regions (AgNORs), Western blot

Table 1. Continued
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Table 1. Continued

Study Country Sample  Age Follow-up Hsp70 Hsp90 Type of Method
publication size range (mean or assessment assessment breast of Hsp
median) lesions assessment
Thanner ef al., Germany 191 24-86 14.75 years yes no Invasive ductal Monoclonal anti-Hsp70
2003 (28) carcinoma (80.23%), (Biogenix, San Ramon, USA)
other node negative
breast carcinoma
(19.77%)
Torronteguy Brazil 53 N/R 3 years yes no IDC (64.15%), Antibodies against Hsp70 (Stressgen)
et al., 2006 (29) ILC (18.86%), and IFN-g (R&D Systems,
Mucinous Carcinoma Minneapolis, MN) for
(3.7%), Metaplastic immunohistochemistry.
Carcinoma (1.88%), Anti-human Hsp70 antibody
DCIS (3.77%) (SPAS810, Stressgen) or anti-
HSP/Hsc70 (SPA820, Stressgen)
for Western blot analysis.
Kalogeraki et al., Greece 50 N/R N/A yes no IDC Monoclonal antibodies to Hsp70
2007 (19) Ad-2(clone w27), MIB1 and ER
and a standard alcaline phosphatase
APAAP method.
Pick et al., USA 655 N/R 10 years no yes 331 node negative Mouse monoclonal anti-HSP90,
2007 (21) and 324 node positive ~ mouse monoclonal anti-ER (Dako,
breast cancer cases Carpinteria, CA), mouse monoclonal
anti-PR (Dako, Carpinteria, CA),
rabbit anti-Her2/neu (Dako,
Carpinteria, CA). Mouse anti-HSP90
IgG (BD Transduction, San Jose,
CA) for Western blot analysis
Sun et al., China 166 25-92  >14 years yes yes Triple negative Rabbit polyclonal anti-vimentin
2008 (24) for the initial invasive breast antibody (Boster Biological
dataset, cancer (61%), Technology), mouse polyclonal
>4 years ER (+)/PR (+) anti-actin antibody (Zhongshan),
for the invasive breast mouse polyclonal anti-HSP70
TNBC dataset cancer (39%) antibody (Zhongshan), rabbit
polyclonal anti-HSP90a antibody
(Newmarker), rabbit polyclonal
anti-CK 18 antibody (Maxim,
Biotecho), rabbit polyclonal anti-
14-3-3h antibody (Newmarker),
rabbit polyclonal anti-tubulin-h
antibody (Newmarker), and
mouse monoclonal anti-moesin
antibody (Newmarker)
Zagouri et al.,  Greece 44 34-67 N/A no yes Lobular Neoplasia Monoclonal antibody Hsp90 (clone
2008 (32) of the Breast JPB24, Novocastra, supplied by
Menarini), antibodies ER-alpha
(ER6f-11) and ER-beta (clone EMRO2,
Novocastra, supplied by Menarini)
Diehl et al., USA 300 N/R N/A no yes DCIS (9.33%), Antibodies against Hsp90 and
2009 (2) IDC (72.66%), antibodies against p23 by use of
Normal tissue VectaStain ABC immunoperoxidase
sample as IgG detection kit (Vector Labs,
controls (18%) Burlingame, CA), Western blot
Batchelder et al., UK 120 N/R N/A yes no 58 breast cancer, Hsp70 mouse monoclonal antibody

2009 (14)

62 served as controls (NCL-Hsp70, Novocastra Limited,
UK), Ki-67 mouse monoclonal
antibody (NCL-Ki67-MM2,
Novocastra Limited, UK) and others

unrelated to the current study
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Table 1. Continued

Study Country Sample Age Follow-up Hsp70 Hsp90 Type of Method
publication size range (mean or assessment assessment breast of Hsp
median) lesions assessment
Zagouri et al.,  Greece 163 31-78 N/A no yes Ductal Hyperplasia Mouse monoclonal antibody Hsp90
2010 (34) (DH) without Atypia (clone JPB24, NCL-Hsp90,
(18.40%), Atypical DH  Novocastra, supplied by Menarini),
(19.02%), DCIS (31.29%), antibody PR (636,Dako),
IDC (31.29%) antibody ER (ID5, Dako), antibody
c-erbB-2 (CB11, Novocastra)
Zagouri et al.,  Greece 32 35-74 N/A no yes ILC Mouse monoclonal antibody
2010 (33) Hsp90 (clone JPB24, NCL-Hsp90,
Novocastra, supplied by Menarini),
antibody PR (636, Dako), antibody
ER (ID5, Dako), antibody c-erbB-2
(CB11, Novocastra)
Song et al., Korea 212 N/R 5 years no yes IDC (96.7%), Dako Envision detection kit (Dako,
2010 (23) ILC (3.3%) Carpinteria, CA), specifically: Hsp90
Subtypes were (Cell Signaling Technology), ER (SP1,
defined as follows: Labvision), PR(PgR636), HER-2,
62% luminal A, Ki-67 (Dako), and others unrelated
9% luminal B, to the current study
13% HER2+/ER-,
18% triple-negative
Cheng et al., USA, 4010 N/R N/R no yes HER2 (+) (25.23%), Depends on the respective dataset
2012 (15) Germany, HER?2 (-)/ER (+)
Belgium, (48.86%), TNBC
France, (25.91%)
Sweden,
Singapore,
Netherlands
Dimas (un- Greece 54 42-81 N/A yes yes IDC Monoclonal Hsp70 antibody (NCL-
published Hsp70, clone 8B11, Novocastra,
dataset supplied by Menarini), monoclonal
provided by Hsp90 antibody (NCL-Hsp90, clone

first author)

JPB24, Novocastra,
supplied by Menarini)

a: The two studies by Takahashi et al. examine the same cohort of patients; ILC: infiltrative lobular carcinomas, DCIS: ductal carcinoma in situ,

N/R: not reported, N/A: not applicable.

expression on overall survival (OS); one adopted a
continuous score (21), whereas the remaining two (15, 18)
adopted a comparison between high and low Hsp90
expression categories. The synthesis of the latter yielded a
significant association between poorer OS and high Hsp90
expression (pooled RR=1.48, 95%CI=1.21-1.82), (Figure
2a). Two studies proceeded to a further analysis by cancer
subtype. Cheng et al. showed no association in HER2(+) and
TNBC subgroups separately, but a significant association
with worse OS in the HER2(-)/ER(+) subgroup (15). Pick et
al. studied node positive and node negative patients
separately and found a worse OS in node negative patients
with high Hsp90 expression, but no difference in the node
positive subgroup (21). DSS was only examined by Cheng

et al. who showed a worse survival in patients with higher
Hsp90 expression (15).

As far as disease free survival (DFS) is concerned, Song
et al. examining all types of breast carcinomas showed a
worse DFS in patients with high Hsp90 expression, which
however was significant only in the univariate analysis (23).
The same significant association was noted, regarding relapse
free survival (RFS) by Jameel er al. (18). Cheng et al.
concurred to this conclusion, but this result pertained only to
TNBC patients and no association could be established when
studying all cancer subtypes combined or the HER2(-)/ER(+)
or HER2(+) subgroups (15). The exploratory synthesis of
studies providing effect estimates yielded an association of
borderline significance (pooled RR=1.46, 95%CI=0.98-2.16,
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Table II. Association between Hsp70 and Hsp90 expression with survival. (+) Stands for a significant positive correlation, (-) for an inverse

correlation and (0) for a null association.

Study publication Presence of Overall Disease free survival/
metastases survival Relapse free survival
Ciocca et al., 1993 (16) (0) Hsp70 worse in high Hsp70
Jameel et al., 1993 (18) worse in high Hsp90a worse in high Hsp90a
Thanner et al., 2003 (28) worse in high Hsp70 cytoplasmic, (0) (0) Hsp70 cytoplasmic and nuclear
Hsp70 nuclear
Torronteguy et al., 2006 (29) (-) Hsp70 (0) Hsp70 (0) Hsp70

Pick et al., 2007 (21)

Sun et al., 2008 (24) (+) Hsp70 in TNBC,

(0) Hsp70 ER(+)/PR(+)
(0) Hsp90

Song et al., 2010 (23)

Cheng et al., 2012 (15) (0) Hsp90 for all types combined
(0) Hsp90 in TNBC
(+) Hsp90 non ss in HER2(-)/ER(+)

(0) Hsp90 in HER2(+)

worse in high Hsp90 for all types

worse in high Hsp90 in HER2(-)/ER(+)

worse in high Hsp90, (0) Hsp90 for
node positive patients’ subgroup

worse in high Hsp90, ss only in
univariate analysis
worse in high Hsp90 non ss in TNBC
(0) Hsp90 for all types combined
worse in high Hsp90 in TNBC
(0) Hsp90 in HER2(-)/ER(+)
(0) Hsp90 in HER2(+)

(0) Hsp90 in TNBC

(0) Hsp90 in HER2(+)

ss: Statistically significant.

p=0.06). (See also Supplemental File B (https://s3.eu-central-
1.amazonaws.com/dimas-et-al/Supplemental+B.docx)).

No association was noted between Hsp90 expression and
metastases by two studies (15, 24); only a weak association
has been reported in the HER2(—)/ER(+) subgroup (15).

Hsp90 expression through the continuum of breast
neoplasia. Yano et al. referring to all types of breast cancer
(mRNA ISH, Hsp90a arm), Diehl et al. (regarding
cytoplasmic, but not nuclear, expression in ductal
carcinomas) and Zagouri et al., 2010 (only for the
comparison between IDC vs. normal breast tissue, and with
the exception of the TNBC subgroup) showed that there is
a significantly higher Hsp90 expression in cancerous tissues
compared to the non-cancerous ones (2, 31, 34). Franzen et
al. noted an increased Hsp90 expression in highly malignant
breast carcinomas in comparison to benign breast lesions,
but no statistical testing was performed (17). In contrast to
that, the TNBC arm of the Zagouri et al. study and the
Dimas, unpub. cohort pointed to a significantly lower Hsp90
expression, in ductal carcinoma tissues compared to non-
cancerous ones (9, 34). Moreover, the Dimas, unpub. data
indicated a reduction also evident between IDC and DCIS,
as well as DCIS and normal breast tissue. Especially
concerning lobular lesions Zagouri et al. showed a
significantly lower Hsp90 expression in lobular neoplasia
and invasive lobular carcinomas, compared to the non-
cancerous breast tissue (32, 33).

1556

Hsp90 expression in conjunction with clinicopathological
variables. Three studies examined Hsp90 expression in
different age groups and found no association (9, 18, 21).

No clear conclusions could be reached regarding the
association between histological grade and Hsp90
expression. Yano et al. examining all types of breast
carcinoma, showed a significant positive association, only
concerning Hsp90b (31). Zagouri et al., examining ductal
neoplasia of the breast, showed a non-significant positive
association (34). Dimas, unpub., referring to ductal
neoplasias of the breast, Song et al. examining all types of
invasive breast carcinomas, and the Hsp90a arm by Yano et
al. showed no association between Hsp90 expression and
histological grade (9, 23, 31).

Concerning tumor size two studies found a significantly
positive association with high Hsp90 expression (21, 34). On
the other hand, Song et al., Jameel et al. and Dimas, unpub.
found no association (9, 18, 23).

The results pertaining to nodal metastases at the time of
diagnosis were not conclusive. Jameel et al. and Pick et al.
referring to all breast carcinoma types, showed a non-
significant (only in histologically confirmed nodal status)
and significant, respectively, association (18, 21). Three
more studies suggested an absence of association (9, 23, 34).

Regarding the expression of estrogen receptors (ER), two
studies showed a significantly positive correlation with
Hsp90, one referring to all types of invasive breast carcinoma
(21) and the other only to ductal neoplasia (this association
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Table III. Correlations between Hsp70/Hsp90 expression and the clinicopathological variables examined in each study. (+) stands for a significant
positive correlation, (-) for an inverse correlation and (0) for a null association.

Study Age Cancer vs. High  Large tumor Nodal ER PR HER2/neu Ki67 PCNA
publication non cancer grade size status  expression expression expression expression
Tauchi et al., (=) Hsp702
1991 (27)
Jameel et al., (0) Hsp90 (0) Hsp90 (+) Hsp90 (0) Hsp90
1993 (18) non ssb
Shyamala et al., (+) Hsp90  (0) Hsp90
1993 (22) non ss
Takahashi et al.,  (0) Hsp70 (+) Hsp70 (0) Hsp70
1994 (25)
Takahashi et al., (0) Hsp70
1995 (26)
Yano et al., (+) Hsp90a (+) Hsp90b (+) Hsp70
1996 (31) (only for (only for nuclear
mRNA ISH) mRNA ISH) (+) Hsp90a
(0) Hsp90b
(only for
mRNA ISH)
Franzen et al., (+) Hsp902
1997 (17)
Lazaris et al., 0) (+) (+) (0) Hsp70 (+) 0) (+) Hsp70 (0) Hsp702
1997 (20) Hsp70 Hsp702 Hsp70 Hsp70 Hsp70 non ss
Vargas-Roig (0) Hsp70 for
et al., 1997 (30) entire tissue,
(+) Hsp70
cytoplasmic,
cell by
cell analysis
Thanner et al., (0) Hsp70 (+) Hsp70 (+) Hsp70 (0) Hsp70  (0) Hsp70
2003 (28) nuclear nuclear nuclear nuclear nuclear,
(+) Hsp70 (0) Hsp70 (0) Hsp70 and (+) Hsp70
cyto- cyto- cyto- cyto- cyto-
plasmic plasmic plasmic plasmic plasmic
non ss
Torronteguy et al., (+) 0) 0) )
2006 (29) Hsp70 Hsp70 Hsp70 Hsp70
Kalogeraki et al., (+) +) +) +)
2007 (19) Hsp70 Hsp70 Hsp70 Hsp70
Pick et al., 0) +) (+) +) 0) (+)
2007 (21) Hsp90 Hsp90 Hsp90 Hsp90 Hsp90 Hsp90
Zagouri et al., (=) Hsp90 (0) Hsp90
2008 (32)
Diehl et al., (0) Hsp90 (=) Hsp90  (0) Hsp90
2009 (2) nuclear, cytoplasmic
(+) Hsp90 (0) Hsp90
cytoplasmic nuclear
Batchelder et al., (-) Hsp70
2009 (14) non ss
Zagouri et al., 2010 (+) Hsp90 only  (+) Hsp90 (+) Hsp90 0) (+) Hsp90, (+) Hsp90, +)
(Ductal) (34) for IDC, (-) non ss Hsp90 butnotin butnotin  Hsp90
Hsp90 in TNBC multivariate multivariate
Zagouri et al., -) 0) 0) 0) 0)
2010 (Lobular) (33) Hsp90 Hsp90 Hsp90 Hsp90 Hsp90
Song et al., 2010 (0) Hsp90  (0) Hsp90 (0) Hsp90 (0) Hsp90 (0) Hsp90 (0) Hsp90
(23) Dimas (0) Hsp70  (0) Hsp70, (0) Hsp70  (0) Hsp70 (0) Hsp70 (0) Hsp70  (0) Hsp70 (0) Hsp70 (0) Hsp70
(un-published and (-) Hsp90 and and and and and and and
dataset) provided Hsp90 Hsp90 Hsp90 Hsp90 Hsp90 Hsp90 Hsp90 Hsp90

by first author)

a: No statistical test performed; b: this association refers only to histologically confirmed nodal status; ss: statistically significant.
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Figure 2. Forest plots presenting the association between a. Hsp90 expression and overall survival, and b. Hsp70 expression and disease-free

survival.
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Figure 3. Forest plots presenting the association between Hsp70 expression and a. ER positivity, and b. PR positivity.

lost significance at the multivariate analysis) (34). There was
another study that showed a similar association, but failed to
reach statistical significance (22). However, Diehl et al.
examining ductal carcinoma tissues, observed a significantly
negative association with the cytoplasmic, but not nuclear,
expression of Hsp90 (2). On the other hand, five studies,
found no association (9, 18, 23, 32, 33).

Similarly concerning progesterone receptor (PR)
expression Pick et al., Shyamala et al., Zagouri et al., Diehl
et al. and Dimas, unpub. found no association with Hsp90
(2, 9, 21, 22, 33). Zagouri et al. referring to ductal
carcinomas indicated a positive correlation between the
two, which however was not confirmed at a multivariate
analysis (34).

With regard to HER2/neu, two studies found its positive
correlation with Hsp90 expression (21, 34). On the contrary
three more studies examining lobular, all types of breast
carcinomas and ductal neoplasias of the breast, by Zagouri
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et al., Song et al. and Dimas, unpub. respectively, showed
no correlation (9, 23, 33).

Furthermore, three studies examined Ki-67 and found no
association with Hsp90 expression (9, 23, 33). Yano et al.
examining Hsp90a and Hsp90b expression by means of
mRNA ISH, showed a significant positive association with
PCNALI for Hsp90a, but not for Hsp90b (31).

Hsp70 expression, subsequent development of metastases
and survival. Three studies examined the impact of Hsp70
expression on OS. The studies by Ciocca et al. and
Torronteguy et al. referring to all types of breast cancer
showed no association (16, 29). Thanner et al., examining
node negative carcinomas of the breast, showed a
significantly worse survival of patients with high Hsp70
cytoplasmic expression, but no association could be
established regarding nuclear Hsp70 expression (28). No
synthesis was possible due to reporting reasons.
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However, in terms of DFS and RFS we found a statistically
significant association between poorer DFS and high Hsp70
expression (pooled RR=1.77, 95%CI=1.71-2.82), (Figure 2b).
The alternative analysis based on nuclear Hsp70 expression
(28) is presented in Supplemental File B (https://s3.eu-central-
1.amazonaws.com/dimas-et-al/ Supplemental+B.docx).

Torronteguy et al. showed a significant negative
association between Hsp70 expression in invasive breast
cancer and the development of distal metastases (29).
However, Sun et al. found a significant positive association
between high Hsp70 expression in triple negative breast
cancer (TNBC) and the subsequent development of
metastases. This association was not evident in ER(+)/PR(+)
breast cancer (24).

Hsp70 expression through the continuum of breast neoplasia.
The relevant results are controversial; three studies
encompassing all types of breast cancer presented a
significantly higher Hsp70 expression (29), a lower Hsp70
expression (27) and a non-significant lower Hsp70 expression
in cancerous tissues (14) respectively, compared to the non-
cancerous ones. A fourth study examining only ductal
carcinomas not otherwise specified (DCNOS) produced a
higher Hsp70 expression in the cancerous tissues (20). The
unpublished cohort provided by the first author showed no
difference in the expression of Hsp70 in cancerous vs. non-
cancerous tissues, as well as in invasive ductal carcinoma
(IDC) vs. DCIS, and DCIS vs. normal breast tissue (9) (See
also  Supplemental File A  (https://s3.eu-central-
1.amazonaws.com/ dimas-et-al/Supplemental+A .docx)).

Hsp70 expression in conjunction with clinicopathological
variables. Takahashi et al., Lazaris et al., Thanner et al. and
Dimas, unpub. addressed the possibility of an association
between age and Hsp70 expression, which however was not
proven significant (9, 20, 25, 28).

Regarding the correlation between Hsp70 expression
and high histological grade three studies pertaining to
DCNOS (20), node negative carcinomas of the breast (only
as far as nuclear Hsp70 expression is concerned) (28) and
IDC (19), showed significantly positive associations.
Torronteguy et al. examining all types of breast cancer
(29) and the Dimas, unpub. dataset examining only ductal
neoplasia of the breast showed no association between
histological grade and Hsp70 expression (9). The studies
presenting data about odds ratio (OR) were synthesized
and revealed no association between Hsp70 expression and
histological grade (pooled OR=4.34, 95%CI1=0.86-21.93)
(See also Supplemental File B (https:// s3.eu-central-
1.amazonaws.com/dimas-et-al/Supplemental+ B.docx)).

As far as tumor size is concerned there was a significant
positive association between larger tumor size and Hsp70
expression in a study referring to the nuclear component of

Hsp70 in node negative breast carcinomas, but no such
correlation was clear regarding its cytoplasmic expression (28).
No clear difference in Hsp70 expression along with tumor size
was noted in the study by Torronteguy et al. referring to all
cancer types (29), the study by Lazaris et al. referring to
DCNOS (20) and the unpublished cohort by Dimas, referring
to ductal neoplasia of the breast (9). Confirming the individual
studies, the meta-analysis yielded a null association (pooled
OR=1.25, 95%CI=0.66-2.39) (See also Supplemental File B
(https://s3.eu-central-1.amazonaws.com/dimas-et-al/
Supplemental+B.docx )).

Regarding nodal metastases two studies showed a significant
positive association with Hsp70 expression (19, 20), whereas
two others (9, 29) showed no association. Overall the pooled
association was null (pooled OR=3.53, 95%CI=0.71-17.60)
(See also Supplemental File B (https://s3.eu-central-
1.amazonaws.com/dimas-et-al/Supplemental+B.docx )).

As far as ER expression is concerned two studies, the first
referring to ductal carcinomas (19) and the second examining
all cancer types, by Takahashi et al. (25) showed a significant
positive correlation with Hsp70 expression. However, a later
study by Takahashi e al. examining the same specimens as
the first, but this time paraffin-embedded and not fresh, found
no association (26). No association was established in three
other studies (9, 20, 28). The quantitative synthesis yielded a
significant  positive  association (pooled OR=3.51,
95%CI=1.31-9.40), (Figure 3a, See also Supplemental File B
(https://s3.eu-central-1.amazonaws.com/dimas-et-
al/Supplemental+B.docx)).

Similarly, regarding PR expression, the quantitative
synthesis highlighted a significant association between PR
positivity and high Hsp70 expression (pooled OR=2.48,
95%CI=1.39-4.44) (9, 20, 28) (Figure 3b, See also
Supplemental File B (https://s3.eu-central-1.amazonaws.com/
dimas-et-al/Supplemental+B.docx)).

The possible association between Hsp70 and HER2/neu
expression was examined by two studies (9, 25), but no
correlation was found. The only study examining Ki-67 was
the unpublished one by Dimas, which found no association
with Hsp70 (9).

Regarding PCNA labeling index two studies, (one on
IDC (19) and another on all types (31)) presented a
significant positive correlation. Another one referred to
DCNOS and showed no correlation (20); lastly one
referring to all breast cancer types showed a significant
positive correlation between cytoplasmic Hsp70 expression
and PCNALI when a cell-by-cell analysis was undertaken,
whereas the analysis based on whole tissue samples showed
no association (30).

Assessment of quality of studies. The assessment of quality of

studies is presented in Supplemental File B (https://s3.eu-
central-1.amazonaws.com/dimas-et-al/Supplemental+B .docx).
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Discussion

The prognostic significance of Hsps in breast cancer is better
reflected on their impact on patients’ survival. Increased
Hsp90 expression was associated with 1.5-fold increased
death rates; a finding of similar magnitude (1.5-fold) was
noted regarding DFS, but remained only marginally
significant, most probably due to the small number of
eligible studies. In the instance of Hsp70 no unanimous
conclusion could be reached regarding its association with
OS. However, when looking into the effect of its expression
(mainly cytoplasmic) on DFS, we found a 1.8-fold worse
DFS in patients with high Hsp70 expression.

Hsp70 high expression was associated with 3.5-fold
increased odds of ER positivity and accordingly with 2.5-
fold increased odds of PR positivity. The fact that our results
pointed to the same positive direction between Hsp70
expression, ER and PR respectively, is an indication of the
internal consistency of our study findings, in view of the
proven association between ER and PR positivity in breast
cancer specimens (35). This knowledge adds to the
assumption that an Hsp70 inhibitor could be an effective
treatment for ER positive breast cancer, a welcome addition
to the already established endocrine therapies for such
tumors. Reporting reasons in the eligible studies did not
allow us to quantitatively evaluate the association between
Hsp90 expression and ER/PR positivity, highlighting a need
for harmonized presentation of results in the various studies.

There was no conformity in the results pertaining to the
remaining clinicopathological variables studied with regard
to Hsp90/Hsp70 expression, including histological grade,
tumor size, nodal metastasis or patients’ age.

No clear differential pattern in the expression of
Hsp70/Hsp90 along the breast neoplasia continuum was
noted. More to the point, we documented that four studies
examining Hsp90 showed a significantly higher expression
in cancerous tissues compared to normal ones (2, 17, 31, 34).
However, other studies showed a significantly lower
expression in cancerous tissues (9, 32-34). Given these
results, the question of Hsp90 levels along the breast
neoplasia spectrum remains open, a fact that may have
meaningful implications for the selectivity of these agents.
Similarly, the results regarding Hsp70 were inconclusive;
two studies showed a higher Hsp70 expression in cancerous
tissues compared to the normal ones (20, 29), two
demonstrated a lower Hsp70 expression in cancerous tissues
(14, 27), whereas a fifth cohort found no difference (9).

Among the prerequisites for an effective new treatment is
the selectivity of its agents, in order to reduce toxicities caused
by damage to normal cells. The Hsp inhibitors were thought
to play such a role, but their efficacy has yet to be proven in
phase 3 clinical trials, according to a systematic review by our
group (36). Presently the potency of those agents has mostly
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been suggested by studies on cancer cell lines and xenografts.
However, the results of a phase 2 trial regarding ganetespib,
an Hsp90 inhibitor, have implied a favorable outcome when
it is used on selected patient subgroups (8). Also, Hsp70
inhibitors could play a role for a higher response to
neoadjuvant aromatase inhibitor treatment (37).

Apart from the qualitative and quantitative synthesis, the
present systematic review highlights limitations of the
individual studies in terms of their quality ratings.
Hsp70/Hsp90 expression was often assessed only by
immunohistochemistry, a fact that may have limited the
validity of the evaluation; approximately half of the studies
adopted Western blotting, RT-PCR or immumohistochemical
assessment by two expert pathologists, blind to the ratings
of the other. Moreover, unadjusted effect estimates for
clinicopathological variables were presented as a rule, a fact
that may well imply the existence of confounding. In
addition, in some longitudinal studies addressing survival,
the follow-up was not long enough, being less than 5 years.
Finally, markedly heterogeneous and often suboptimal
reporting in numerous individual studies precluded their
inclusion into the quantitative synthesis, a fact that may have
limited the statistical power of this meta-analysis.

In conclusion, this systematic review and meta-analysis
highlights the prognostic role of Hsp90 and Hsp70 expression
in breast cancer, as evidenced by their associations with
survival. Additional high-quality studies, with detailed
reporting, seem desirable for further substantiation and
validation of the present findings, as well as for a deeper
understanding of the interplay between Hsp70/Hsp90 and
clinicopathological parameters. The accumulation of such
studies may well provide mechanistic, pathophysiological and
epidemiological evidence complementing the findings of
ongoing clinical trials on Hsp inhibitors.
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