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Abstract
Tamoxifen, an important endocrine therapeutic agent, is widely used for the treatment of estrogen receptor positive (ER+) breast 
cancer.  However, de novo
alternative treatments.  In this study, we report that small heat protein beta-8 (HSPB8) may serve as an important molecule in 
tamoxifen resistance.  HSPB8 expression is enhanced in MCF-7 cells resistant to tamoxifen (MCF-7/R) compared to parent cells.  
Moreover, high expression of HSPB8 associates with poor prognosis in ER+ breast cancer patients but not in patients without 

the cell population in G1 phase.  In contrast, blockage of ER signaling by tamoxifen down-regulates the expression of HSPB8.  In 
1

potent against the proliferation of MCF-7/R cells than that of parent cells, which was associated with down-regulation of HSPB8.  We 
+ breast cancer 

+ breast cancer.  This hypothesis deserves further investigation.
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Introduction
Breast cancer is the most prevalent malignant tumor and the 
second leading cause of mortality in female cancer patients[1].  
Approximately 80% of breast cancers are estrogen receptor 
positive (ER+), and tamoxifen was approved 40 years ago as a 
promising therapy for this type of breast cancer[2, 3].  Tamoxi-
fen reduces the risk of death by one-third, and more than 50% 
of ER+ [4].  
Today, tamoxifen is widely used as a standard therapy for ER+ 
breast cancer in premenopausal women.

+ 
patients, the effects are diminished with the development of 
primary or secondary resistance[5].  Approximately 50% of ER+ 
breast cancer patients who positively respond to endocrine 

interventions at the beginning will eventually become resis-
tant.  Tamoxifen, as the first drug targeting ER for the treat-
ment of ER+ breast cancers, also suffers from the challenge 
of development of resistance[6].  Alterations in co-regulatory 
proteins or kinase signaling transduction are common in resis-
tant cells[7, 8].  A high-throughput cell-based screening revealed 
that the small heat shock protein HSPB8 played an important 
role in the development of resistance to tamoxifen[9].  HSPB8 
executes its chaperone activity under heat stress, preventing 
the aggregation or accumulation of denatured proteins[10, 11].  
HSPB8 has also been reported to participate in the quality con-
trol of proteins in a non-canonical manner, where the HSPB8-

autophagy[12].  Gonzalez-Malerva et al[9] demonstrated that 
HSPB8 protected MCF-7 cells from tamoxifen treatment and 
promoted cell proliferation by blocking autophagy.  Further 
studies reveal that silencing HSBP8 induced autophagy[9, 13].  
The exact mechanism of HSPB8 in tamoxifen resistance 
remains elusive.
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The mammalian target of rapamycin (mTOR) is a serine/
threonine protein kinase, which plays a critical role in the 
signaling pathways associated with cell survival, prolifera-
tion, metabolism, angiogenesis and growth[14, 15].  The mTOR 
pathway is abnormally activated in many tumor types due to 
alterations in key factors both upstream and downstream of 
mTOR.  Inhibition of mTOR has been shown to be a promis-
ing strategy for the treatment of breast cancer, and the first 
generation mTOR inhibitor rapalogs have been approved for 
treatment of advanced hormone receptor-positive and HER2-
negative breast cancer in combination with exemestane, as 
well as for advanced renal cell carcinoma.  However, the ther-
apeutic efficacy of the rapalogs is limited as  mono-therapy, 
which is possibly due to the incomplete inhibition of mTOR[16].  
The second-generation mTOR inhibitors inhibit the kinase 
activity of both mTORC1 and mTORC2 and are considered 
to possess more potent anticancer activity than the rapalogs.  

mTOR kinase inhibitor with powerful antitumor activity in 
vitro and in vivo[17].  Jordan et al demonstrated that AZD8055 
might be able to treat breast cancers resistant to endocrine 
therapy agents, including tamoxifen and fulvestrant[18].  More-
over, inhibition of mTOR with AZD8055 or RAD001 resulted 
in more potent activity in tamoxifen-resistant cells than in par-
ent cells[18], but the mechanisms remain unclear.

To investigate the mechanism of resistance to tamoxifen 
and identify potential strategies to overcome the resistance, 
we established tamoxifen-resistant MCF-7 (MCF-7/R) cells 
and found that HSPB8 is overexpressed in MCF-7/R cells.  We 
further determined that the HSPB8 expression level is associ-
ated with poor prognosis in ER+ breast cancer patients.  The 
activity of mTOR inhibitors was positively correlated with 
HSPB8 in NCI60 screening.  Accordingly, AZD8055 was more 
potent against the proliferation of MCF-7/R cells than that of 
parent cells, which was accompanied with down-regulation 
of HSPB8.  We also found that the anti-proliferative activity of 
AZD8055 was positively correlated with the expression level 
of HSPB8 in a panel of ER+ breast cancer cells.  

Materials and methods
Compounds and reagents
AZD8055 was purchased from Selleck Chemicals (Houston, 
TX, USA).  (Z)-4-Hydroxytamoxifen was obtained from Sigma 
(St Louis, MO, USA).  All these compounds were dissolved in 
DMSO as stock solutions and stored at -20 °C.

Antibodies against HSPB8, p70S6K, phospho-p70S6K (T389), 
Rb, phospho-Rb (S807/11), and Cyclin D1 were purchased 
from Cell Signaling Technology (Danvers, MA, USA).  Anti-

USA).  Anti-estrogen receptor alpha antibody was obtained 
from Abcam (Canary Wharf, London, UK).

Cell culture
The human cell lines T47D, ZR-75-30, ZR-75-1, MDA-MB-453, 
MDA-MB-231, BT-474, HCC38, MDA-MB-361, SK-BR-3 and 
MDA-MB-468 were obtained from the American Type Culture 

Collection (ATCC), and JIMT-1, EFM-192A, CAL-51, EFM-
19, S1 and MFM223 were obtained from the Leibniz Institute 
- German Collection of Microorganisms and Cell Cultures 
(DSMZ).  All the cell lines were cultured according to the sup-
pliers’ instructions.  MCF-7 cells were obtained from ATCC 
and cultured in DMEM medium containing 10% FBS.  MCF-7 
cells resistant to tamoxifen (MCF-7/R) were established by 
incubation with stepwise-increasing concentrations of tamoxi-
fen.  MCF-7/R cells were cultured in phenol-red free DMEM 
supplemented with 10% charcoal-stripped fetal calf serum and 
10-5 mol/L 4-hydroxytamoxifen.

Cell proliferation assays
Cell proliferation was evaluated using the sulforhodamine 
B (SRB, Sigma, ST, USA) assay as described previously[19].  
Briefly, cells were seeded in 96-well plates at an appropri-
ate density.  Diluted compounds were added to the cells on 
the next day.  After incubation at 37 °C for 72 h, cells were 

were washed with distilled water and stained with SRB at 
4 mg/mL.  SRB was dissolved in 10 mmol/L Tris, and OD 
values were measured at 560 nm.  The inhibitory rate was 
calculated using the formula: (ODcontrol cells-ODtreated cells)/ODcon-

trol cells×100% or (ODcontrol cells-ODtreated cells)/(ODcontrol cells-ODDay0 

cells)×100%.  IC50 or GI50 values were calculated by four-parame-

Correlation analysis
The protein levels of HSPB8 were detected by Western blot-
ting, and the relative intensity was quantified by normaliza-

-
liferative activity of AZD8055 was represented by GI50 values, 
which were determined using the SRB assay.  The relative 
protein intensity values and GI50 values were analyzed using 
the following formula: relative value=(valueindividual-valuemean)/
valuemean.  Pearson correlation analyses were also conducted.

Cell transfection
siRNA transfection 
Cells were seeded in 6-well plates.  On the next day, the 
medium was replaced with fresh medium, and siRNA trans-
fections were performed using Lipofectamine RNAi max (Invi-
trogen) following the manufacturer’s instructions.  The target 
sequences of HSPB8 were as follows: siHSPB8#1, 5’-GGAG-
GUGUCUGGCAAACAUTT-3’ and siHSPB8#2, 5’-GGGU-
CUGCUGAUCAUCGAATT-3’. 
 
Plasmids transfection  
Plasmids plx301 (#25895), pDONR223-HSPB8 (#23606), and 
pcDNA-HA-ER WT (#49498) were obtained from Addgene.  
pcDNA3.1 (+) (V790-20) was purchased from Invitrogen.  
HSPB8 was cloned into the plx301 vector from pDONR223-
HSPB8 via LR Clonase (Invitrogen, CA, USA).  Cells seeded 
in 6-well plates were received fresh medium on the next day 
and were transfected with the indicated plasmids using Lipo-
fectamine 2000 (Invitrogen, CA, USA) according to the manu-
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facturer’s instructions.

Western blotting
Cell lysates were prepared with lysis buffer (50 mmol/L Tris 
(pH 7.4), 150 mmol/L NaCl, 1% NP-40, 0.25% sodium deoxy-
cholate) and then centrifuged at 20 000×g for 15 min at 4 °C.  
The supernatant was collected for heating at 100 °C for 10 min.  
Standard Western blotting was performed to detect the indi-
cated proteins.

Cell cycle analysis
For gene-transfected cells, cells were seeded at a density of 
2×105/well in 6-well plates and incubated for 24 h.  Then, 
the designated genes were transfected, and cells were fur-
ther incubated for 48 h.  For compound-treated cells, 2×105 
cells were seeded in 6-well plates and treated with test com-
pounds on the next day for the indicated time.  The cells were 
harvested and fixed in 70% ethanol overnight at -20 °C and 

cycle distributions were evaluated using a Becton-Dickinson 

the raw data were analyzed using Flowjo software.
 

Statistical analysis
Quantitative data are shown as the mean±SD, with signifi-
cance determined by Student’s t-test.  P values of <0.05 were 

performed using GraphPad Prism software (California, CA, 
USA).

Results
Overexpression of HSPB8 contributes to the proliferation of 
MCF-7 cells resistant to tamoxifen 
To understand the role of HSPB8 and explore strategies to 
overcome tamoxifen resistance, we established a tamoxifen-
resistant MCF-7 cell line named MCF-7/R.  The MCF-7/R cells 
were more tolerant to tamoxifen than parent cells, and the IC50 
of the MCF-7/R cells was approximately two fold that of the 
parent cells (Figure 1A).  Consistent with a previous report[9], 
the HSPB8 protein level in MCF-7/R cells was higher than that 
in MCF-7 cells (Figure 1B).  To investigate the role of HSPB8 in 
the proliferation of MCF-7/R cells, we knocked down HSPB8 

down-regulation of HSPB8 resulted in an accumulation of cells 
in G1 phase, which was accompanied with decreased phos-
phorylation of Rb.  Thus, HSPB8 is overexpressed in MCF-7/R 
cells, and down-regulation of HSPB8 induces cell cycle arrest 
at G1 phase.

HSPB8 overexpresses and correlates with poor prognosis in ER+ 
patients
As MCF-7/R cells overexpress HSPB8, revealing their func-

Figure 1.  
(MCF-7/R) was established in a stepwise-increasing concentration manner.  MCF-7/R cells were treated with tamoxifen for 72 h, and cell viability was 
assessed by the SRB assay.  (B) Cell lysates from MCF-7 and MCF-7/R were prepared, and HSPB8 was detected by Western blotting.  (C, D) MCF-7/R 

detected by Western blotting (D).
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tion in regulating cell cycle progression, we retrieved the 
HSPB8 expression profile in breast cancer patients from the 
Oncomine database (https://www.oncomine.org/resource/
login.html).  As shown in Figure 2A, in a cohort of 273 ER+ 
patients, 194 patients displayed enhanced HSPB8 expres-
sion.  However, the numbers of patients expressing high or 
low levels of HSPB8 were similar (39 vs 56) in ER- patients 
(Figure 2B).  Moreover, the HSPB8 expression level in ER+ 
patients tends to be much higher than that in ER- patients (Fig-
ure 2C).  These results indicate that HSPB8 is overexpressed in 
ER+ patients.

-
sion on the survival of breast cancer patients, we conducted 
a Kaplan-Meier analysis.  Data for HSPB8 expression and 
overall survival of breast cancer patients were obtained from 
the cBioPortal for Cancer Genomics database (http://www.
cbioportal.org/).  The patients were divided into two groups 
according to HSPB8 expression level in tumor tissues using a 
cut-off of a 1.2-fold z-score.  In a cohort of 591 ER+ patients, 78 
patients with high HSPB8 expression were revealed to have 
worse prognosis, with a median survival time of 94 months 
compared to 140 months in patients with low HSPB8 expres-
sion (Figure 2D).  However, the difference in median survival 
time between patients with high and low HSPB8 expression 
level was not statistically significant in a cohort containing 
1089 ER+ and ER- patients (96 months and 130 months respec-
tively, Figure 2E).  Therefore, HSPB8 up-regulation was corre-
lated with poor survival in ER+ patients.

ER promotes HSPB8 expression
Since we found that HSPB8 is overexpressed in most ER+ 
patients, we would like to explore the effect of ER signal-

ligand of ER, for 48 h and then detected the HSPB8 protein 
level and analyzed the cell population in G1 phase.  As shown 

reduced cell populations in G1 phase (Figure 3B).  In addition, 
we constructed MCF-7 cells overexpressing ERa (Figure 3C) 
and found that ERa expression resulted in enhanced HSPB8 
level and reduced cell populations in G1 phase (Figure 3C, 

and induced G1 phase arrest (Figure 3E, 3F).  Collectively, we 
demonstrated that ER could promote HSPB8 expression and 
cell cycle progression.

Knocking down of HSPB8 induces cell cycle arrest
To define the role of HSPB8 in ER+ cells, HPSB8 expression 

cells (Figure 4B).  Decreased HSPB8 expression induced the 
accumulation of cells in the G1 phase in both cell lines (Figure 
4A).  The cell population in the G1 phase increased from 49% 
to 88% (siHSPB8#1) and 67% (siHSPB8#2) in MCF-7 cells.  A 
similar phenomenon was observed in T47D cells (Figure 4A, 
right panel).  Accordingly, down-regulation of HSPB8 led to 
a decrease in the expression of cyclin D1 and phosphorylated 

Figure 2.  HSPB8 overexpresses and correlates with poor prognosis in ER+ patients.  HSPB8 expression levels in ER+ - patients 
(B) were retrieved from the Oncomine database.  (C) Mean HSPB8 expression level in ER+ and ER- patients.  ***P
of patients with different HSPB8 expression were plotted using the cBioPortal for Cancer Genomics database in the group of ER+ patients (D) and in 
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Rb at Ser 807/811 (Figure 4B), which play pivotal roles in the 
progression of the cell cycle from the G1 to S phase.  Taken 
together, these results revealed that knocking down HSPB8 
accumulated cells in the G1 phase, which was accompanied by 
decreases in cyclin D1 and phosphorylated p-Rb.

-
sion, MCF-7 cells were transiently transfected with plasmids 
expressing HSPB8 and the cell cycle distribution was ana-
lyzed.  As shown in Figure 4C, forced expression of HSPB8 in 
MCF-7 cells rendered decrease in cell population in G1 phase 
compared to cells transfected with empty vector.  These results 
indicated that HSPB8 might play an important role in cell 
cycle progression.

AZD8055 overcomes tamoxifen resistance by down-regulating 
the expression of HSPB8
As we have observed over-expression of HSPB8 in tamoxifen-
resistant cells and that HSPB8 promoted cell cycle progression 
in breast cancer cells, we next searched for compounds with 
favorable activity against breast cancer cells over-expressing 
HSPB8.  We used the online Cellminer database (https://
discover.nci.nih.gov/cellminer/) to search for potential com-
pounds with anti-proliferative activity correlating with the 
expression of HSPB8.  As shown in Figure 5A, the anti-pro-
liferative activity of mTOR inhibitors, including X-387, Tem-

sirolimus and rapamycin, and the PI3K/mTOR dual inhibi-
tor GDC0980 were positively correlated with the expression 
of HSPB8 in NCI-60 screening.  Of these, the mTOR kinase 
inhibitor X-387[20]

followed by GDC0980, with a correlation coefficient of 0.43.  
In contrast, the activity of rapamycin and its analog Temsiro-
limus was less correlated with HSPB8 expression, with cor-

These results indicated that anti-proliferative activity derived 
from complete inhibition of mTOR might more strongly cor-
relate with HSPB8 expression.

AZD8055, a first-in-class selective mTOR kinase inhibitor, 
was chosen for the following study[17]. We detected the anti-
proliferative activity of AZD8055 in MCF-7 and MCF-7/R 
cells. As shown in Figure 5B, the IC50 obtained with MCF-7/R 
cells was much lower than that with parent cells, indicating 
that MCF-7/R cells were more sensitive to AZD8055 than 
parent cells. We next detected the protein level of HSPB8 
after AZD8055 treatment for 48 h. AZD8055 inhibited HSPB8 
expression accompanied with decreased phosphorylation of 
70S6K1 at Thr389 and Akt at Ser473 (Figure 5C).  As AZD8055 
induced G1 arrest in MCF-7 parent cells, we detected whether 
AZD8055 had the same effect in MCF-7/R cells.  We found 
that AZD8055 treatment resulted in more than 80% of MCF-7/
R cells arresting in G1 phase (Figure 5D).  Combinations of 

Figure 3.  

and HSPB8 (E) and cell cycle distribution were detected (F).
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AZD8055 and tamoxifen displayed an addictive effect against 
cell growth compared to tamoxifen treatment alone in MCF-7/
R cells, indicating that AZD8055 and tamoxifen may exert 
their activity in parallel pathways (Supplementary Figure S1).  
We also detected the activity of tamoxifen in MCF-7/R cells, 

A (Sup-
plementary Figure S2).  The siRNA and tamoxifen also had 
an addictive effect against cell growth compared to tamoxifen 
treatment in cells transfected with mock siRNA, suggesting 

that down-regulation of HSPB8 and tamoxifen acted indepen-
dently against cell growth.  

HSPB8 expression level positively correlates with the anti-
proliferative activity of AZD8055 in ER+ cells
As HSPB8 expression is positively correlated with the anti-
proliferative activity of mTOR inhibitors in NCI60 screening, 
we investigated the correlation of HSPB8 expression and 
AZD8055 activity in a panel of breast cancer cells.  

Figure 4.  

Figure 5.  
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The relative protein level of HSPB8 and the anti-prolifer-
ative activity of AZD8055 represented as GI50 were detected 
in 18 breast cancer cell lines (Figure 6A).  The correlation of 
AZD8055 activity and HSPB8 expression was plotted, and the 

a correlation coefficient of 0.335 was obtained, which lacked 
statistical significance.  Since mTOR inhibitors have been 
approved for the treatment of ER+ breast cancer, the molecular 
classification of breast cancer was taken into consideration.  
We re-plotted the correlation of AZD8055 activity and HSPB8 
expression in ER+ cells (Figure 6C and 6D).  In contrast to 
the whole panel of tested breast cancer cell lines, the HSPB8 
expression level significantly positively correlated with the 
anti-proliferative activity of AZD8055 in the sub-panel of ER+ 

deserves further investigation.

Discussion
Breast cancer is the second leading cause of death among 
women[1].  Endocrine therapy has achieved great success in 
ER+ cancer patients[3].  However, de novo or acquired resis-

-

ment.  In this study, we report that HSPB8 is overexpressed 
in tamoxifen-resistant cells and that expression of HSPB8 cor-
relates with poor prognosis in ER+ patients.  Down-regulation 
of HPSB8 induces G1 phase arrest in both parent and tamox-
ifen-resistant breast cancer cells.  AZD8055 was found to be 
more potent against the proliferation of MCF-7/R cells than 
against that of parent cells, which was associated with down-
regulation of HSPB8.  Finally, the anti-proliferative activity of 
AZD8055 is positively correlated with the protein expression 
level of HSPB8 in a panel of ER+ breast cancer cells.

HSPB8 is a small heat shock protein that is relevant to tumor 
size, depth invasion, and lymph node metastasis[9, 21].  We 
found that HSPB8 was overexpressed in tamoxifen-resistant 
MCF-7 cells, which is consistent with previous studies[9, 13].  It 
has been reported that HSPB8 protected resistant cells from 
tamoxifen by blocking autophagy[9].  LMTK3 was reported 
as upstream of HSPB8 and increased the levels of HSPB8, 
thereby protecting MCF-7 cells from tamoxifen-induced cell 
death[13].  However, the role of HSPB8 in cell cycle progres-
sion is unknown.  We found that down-regulation of HSPB8 
in MCF-7/R cells resulted in enhanced cell population at G1 
phase, which is consistent with the decrease in the phosphory-
lation of Rb following the same treatment.  Similarly, siRNAs 

Figure 6.  +

+
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against HSPB8 arrested MCF-7 and T47D cells in G1 phase, 
further supporting the notion that HSPB8 may also play a role 
in cell cycle progression.  We also found that activation of ER 
induced HSPB8 expression.  Interestingly, higher expression 
of HSPB8 was observed in ER+ breast cancer patients than in 
ER-

Gonzalez-Malerva et al reported that a high expression level of 
HSPB8 predicted an earlier relapse after tamoxifen treatment 
in a cohort of 277 ER+ breast cancer patients[9].  Similarly, we 
found that HSPB8 up-regulation correlated with poor survival 
in ER+ patients but not ER- patients by analyzing data depos-
ited in the cBioportal for Cancer Genomics database.  Taken 
together, our results and previous studies indicated an impor-
tant role of HSPB8 in resistance to tamoxifen, and its expres-
sion may predict poor prognosis after endocrine therapy.  The 
mechanism of HSPB8 to mediate tamoxifen resistance may be 
associated with its role in cell cycle progression, autophagy 
and cell death, which deserve further investigation.    

In an effort to discover a strategy to overcome the resistance 
of breast cancer to tamoxifen, we performed a comparative 
analysis using the Cellminer database[22].  mTOR inhibitors 
emerged as compounds whose activities were most signifi-
cantly correlated with the expression of HSPB8 in NCI60 cell 
lines.  Accordingly, AZD8055, an mTOR kinase inhibitor in 
clinical trials for the treatment of breast cancer, was more 
potent against tamoxifen-resistant cells than against parental 
cells.  Consistent with our results, AZD8055 has been reported 
to be active against tamoxifen-resistant breast cancer cells[18].  
We further demonstrated that AZD8055 was able to down-
regulate HSPB8 expression, which might be associated with 
its superior activity against tamoxifen-resistant cells with 
enhanced expression of HSPB8.  Although we failed to test the 
activity of AZD8055 against MCF-7/R cells in vivo due to dif-

have been reported to be active against tamoxifen-resistant 
breast cancers in PDX-beard mice and in patients.  Behrens 
et al demonstrated that everolimus combined with tamoxi-
fen remarkably inhibited tumor growth (T/C 18%), which 

48%) in a tamoxifen-resistant PDX model[23].  Moreover, a 
randomized phase II trial of everolimus in combination with 
tamoxifen in metastatic breast cancer with prior exposure to 

rate was 61% (47 to 74) with tamoxifen plus everolimus and 
42% (29 to 56) with tamoxifen alone.  The time to progression 
(TTP) increased from 4.5 months with tamoxifen alone to 8.6 
months with tamoxifen plus everolimus[24].  Furthermore, we 

and AZD8055 activity in a panel of ER+ breast cancer cells.  
However, this correlation failed to be found in a cohort of 
mixed ER+ and ER- breast cancer cell lines.  This observation 
may further support the regulation of HSPB8 by ER signaling.  

AZD8055 has been tested clinically for the treatment 
of advanced solid tumors.  Available results showed that 
AZD8055 possessed an acceptable toxicity profile, but no 
RECIST responses were seen[25].  One of the reasons for clini-

cal failure is that patients were recruited and treated without 

example, phosphorylated 4E-BP1 was suggested to predict the 
response of mTOR inhibitors[26, 27].  The correlation of HSPB8 
and AZD8055 activity in ER+ breast cancer cells suggests 
that HSPB8 might be a potential predictive biomarker in the 
therapy of ER+ patients with AZD8055, which deserves further 
validation in a larger cohort of in vitro and in vivo studies.  

In summary, the present study demonstrates that AZD8055 
could overcome tamoxifen resistance in breast cancers cells via 
inhibiting HSPB8 expression and the HSPB8 expression level 

AZD8055 in ER+ breast cancers.
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