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Abstract. The present study aimed to investigate the effect of 
HSF1 proteins on cell proliferation, apoptosis and invasion of 
breast cancer. The Michigan Cancer Foundation-7 (MCF-7) 
HSF1-knocked down stable cell line (experimental group) 
and control cell line (control group) were obtained using a 
lentivirus assay, and the effects of HSF1 knockdown on the 
proliferation, tumor formation, apoptosis and invasion ability 
were analyzed, respectively. The effects of HSF1 on down-
stream signals were analyzed using western blotting. Western 
blotting results showed that lentivirus successfully established 
a HSF1 knockdown stable cell line of MCF-7. Compared 
with the control group, the growth rate of MCF-7 cells in the 
experimental group was significantly decreased (P<0.05). 
Flow cytometry showed that the proportion of apoptosis 
in the control group was significantly lower than that of the 
experimental group (P<0.05). Notably, the invasion ability of 
cells in the control group was significantly higher than that 
in the experimental group (P<0.05). Compared with cells in 
the control group, the levels of heat shock protein (HSP)70, 
HSP90, anti-apoptotic protein B-cell lymphoma 2 (Bcl-2) and 
macrophage migration inhibitory factor (MIF) in the experi-
mental group were significantly downregulated, whereas the 
level of Bax was significantly increased (P<0.05). In conclu-
sion, HSF1 protein, as a transcription factor, regulates the 
expression levels of HSP70, HSP90, MIF, Bcl-2 and Bax, thus 
controlling the proliferation, apoptosis and invasion of cells. 
These findings suggest HSF1 protein as a potential target for 
the treatment of breast cancer.

Introduction

Breast cancer is one of the most common types of gyneco-
logical malignant tumors, which has become one of the major 
disease types that seriously affect female's physical and 
psychological health (1). The pathogenesis of breast cancer 
has long been the focus of clinical and basic studies. With 
the continuous development of molecular biology, more and 
more genes related to the incidence of breast cancer have been 
found. Heat shock factor 1 (HSF1) is a transcription factor for 
heat shock proteins (HSPs). It can specifically bind to heat 
shock original proteins that are necessary for the upstream 
transcription of the HSP gene promoter, thus activating the 
transcription of HSPs as well as unknown proteins (2,3). 
Current studies have shown that breast cancer, lung cancer 
and other malignant tumors, and it is closed related to clini-
copathologic features and clinical prognosis (4,5). HSF1 is 
highly expressed in esophagus cancer, which can be used as 
a marker for clinical diagnosis of oral cancer (6). Another 
study showed that the expression of HSF1 was significantly 
increased in esophageal carcinoma tissues and correlated with 
the prognosis of patients (7). Studies on cell level have shown 
that HSF1 plays an important role in tumorigenesis, apoptosis 
and proliferation (8,9). Reducing HSF1 can significantly inhibit 
the growth of tumor cells and promote apoptosis of tumor 
cells (10). However, what role it plays in tumors is still unclear. 
In this study, the effects of HSF1 on biological functions of 
breast cancer cells were analyzed, and the possible molecular 
mechanism was explored. HSF1 is expected to provide certain 
targets for the treatment of breast cancer.

Materials and methods

Experimental materials. Balb/c nude mice, weighing 18-20 g 
were purchased from Shanghai SLAC Laboratory Animal Co., 
Ltd.; Michigan Cancer Foundation-7 (MCF-7) breast cancer cell 
lines were purchased from American Type Culture Collection 
(ATCC); MCF-7 cells are estrogen dependent breast cancer cells. 
Embedding estrogen can promote the formation of breast cancer 
solid tumor. Dulbecco's modified Eagle's medium (DMEM), fetal 
bovine serum (FBS), trypsin and streptomycin were purchased 
from Gibco; Thermo Fisher Scientific, Inc., (Waltham, MA, 
USA); 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) was purchased from Sigma-Aldrich; Merck 
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KGaA, (Darmstadt, Germany); 24 mm Transwell® with 3 µm 
Pore was purchased from Corning Incorporated, Corning, NY, 
USA (cat. no. 3452); HSF1 lentiviruses and no-load control 
viruses were packaged by Shandong Vigene Biosciences 
Co., Ltd. (Shandong, China); Annexin V‑fluorescein isothio-
cyanate (FITC) Apoptosis Detection kit was purchased 
from Beyotime Institute of Biotechnology, (Haimen, China); 
70 kilodalton HSP (HSP70), HSP90, B-cell lymphoma 
2 (Bcl-2), Bcl-2-associated X (Bax) and macrophage migration 
inhibitory factor (MIF) monoclonal antibodies were purchased 
from Santa Cruz Biotechnology, Inc., (Dallas, TX, USA). Other 
reagents were analyzed and purified by companies in China. 
The present study was approved by the Ethics Committee of 
Affiliated Zhongshan Hospital of Dalian University (Dalian, 
China).

Construction and verification of stable HSF1‑knockdown 
cell lines. MCF-7 cells cultured to the logarithmic growth 
phase were inoculated into 6-well plates. After the cells were 
adherent to the wall, 100 µl HSF1 short hairpin ribonucleic 
acid (shRNA) viruses and control viruses were added to the 
medium in two wells. Cells were further cultured for 24 h, 
and then the medium was replaced. At 48 h after infection, 
the infection of viruses was observed under a fluorescence 
microscope (IX70; Olympus, Tokyo, Japan), and puromycin 
was added to cells for killing the uninfected cells. The 
survived cells were successfully infected cells. Some cells 
were collected, and the expression level of HSF1 proteins was 
analyzed by western blotting.

Analysis of the effect of HSF1 on the proliferation of MCF‑7 
cells by MTT. The cells in the control and experimental groups 
were cultured to the logarithmic growth phase. After the diges-
tion with trypsin, the cell density was adjusted to 1x105/ml, and 
100 µl cells were inoculated in 48-well plates. After the cells 
were adherent to the wall, 20 µl (5 mg/ml) MTT was added 
to cells at 12, 24, 36 and 48 h after incubation, respectively. 
After that, cells were further cultured in an incubator for 3 h. 
Then the medium was removed, and cells in the two groups 
were cultured for 6 h, respectively. After that, the medium 
was discarded, and each well was added with 100 µl dimethyl 
sulfoxide (DMSO) and shaken evenly. The optical density (OD) 
value of cells in each well at the wavelength of 570 nm was 
detected using a microplate reader (Bio-Rad, Hercules, CA, 
USA), the survival rate of cells was calculated, and the corre-
sponding concentration-survival curve was drawn.

Analysis of the effect of HSF1 on the apoptosis of MCF‑7 
cells by flow cytometry. Cells in the control and experimental 
groups were digested with trypsin and centrifuged, followed 
by the washing with phosphate-buffered saline (PBS) after 
centrifugation at 1,000 x g for 5 min. Then the cells were 
gently resuspended with PBS and counted. A total of 5-10x106 
were taken to be centrifuged at 1,000 x g for 5 min, and after 
the supernatant was discarded, 195 µl Annexin V-FITC solu-
tion was added to gently resuspend the cells. A total of 5 µl 
Annexin V-FITC and 10 µl propyl iodide were added and gently 
mixed with the solution. Afterwards, the cells were incubated 
at room temperature (20‑25˚C) for 10‑20 min in a dark place 
and placed in an ice bath, and then they were analyzed by flow 

cytometry (FACSCalibur; BDBiosciences, Detroit, MI, USA). 
Annexin V‑FITC showed green fluorescence, and propidium 
iodide (PI) showed red fluorescence (11-13).

Analysis of the effects of HSF1 on the invasion of MCF‑1 
cells by Transwell assay. The chamber was placed in culture 
plates. A total of 300 µl pre-warmed serum-free medium was 
added to the upper chamber and placed for standing at room 
temperature for 15-30 min so as to rehydrate the matrix gel. 
Then the remaining culture medium was extracted. After cells 
in the control and experimental groups grew to the logarithmic 
growth phase, they were digested with trypsin. At the end of 
digestion, the culture medium was discarded by centrifuga-
tion at 1,500 x g for 5 min at 4˚C, and the cells were washed 
twice with PBS and resuspended in the serum-free medium 
containing bovine serum albumin (BSA). The cell density 
was adjusted to 1x105/well. A total of 100 µl cell suspension 
was taken and placed into the Transwell chamber. Generally, 
500 µl medium containing FBS was added into the lower 
chamber, and the routine culture was conducted for 48 h. The 
cells were then stained with crystal violet for calculating the 
number of invasive cells (11-13).

Analysis and verification of proteomics of cells both in the 
control and experimental groups by mass spectrometry. The 
cells in the control and experimental groups were cultured to 
the logarithmic growth phase. After the digestion with trypsin, 
the cells were fully lysed with the cell lysate and centrifuged 
at 10,500 x g for 20 min. The total protein was quantitatively 
analyzed. The content of the total protein in the two groups 
was adjusted to 1 mg/ml, and then proteomics analysis was 
conducted to explore the difference in the expression of cell 
proteins between the two groups. The results of mass spectrom-
etry were then analyzed by western blotting. Operations: Cell 
lysates in the two groups were treated with sodium dodecyl 
sulfate polyacrylamide gel electrophoresis (SDS-PAGE), after 
which target proteins were transferred to the nitrocellulose 
(NC) membrane and blocked with 5% skimmed milk powder 
for 1 h. After that, target proteins were diluted with rabbit 
monoclonal HSF1 antibody (dilution, 1/500; cat. no. ab52757; 
Abcam, Cambridge, MA, USA)  and incubated overnight at 
4°C. After washing with PBS with Tween 20 (PBST) 3 times 
the next day, HRP-labeled secondary goat anti-rabbit (HRP) 
IgG antibody (dilution, 1/2,000; cat. no. ab6721, Abcam) was 
used for incubation at room temperature for 1 h. At the end of 
that, proteins were washed with PBST 3 times for 5 min, and 
then enhanced chemiluminescence (ECL) (Merck Millipore, 
Billerica, MA, USA) was used for color development with 
β-tubulin as an internal reference.

Effects of HSF1 on tumorigenesis ability of MCF‑7 cells in vivo. 
The nude mice were embedded with estrogenic sustained 
release tablets (0.36 mg/tablet; Innovative Research, Novi, MI, 
USA) subcutaneously before inoculation of the tumor. After 
3 days of inoculation, 1x107 MCF-7 control cells and HSF1 
knockout MCF-7 cells were inoculated in the subaxillary fat 
pad of nude mice respectively. The tumor was observed every 
day and the volume of the tumor was measured. The longest 
diameter was 1.5 cm. The volume of the tumor was=1/2 
length x width2.
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Statistical analysis. All the data were analyzed using Statistical 
Product and Service Solutions (SPSS, Inc., Chicago, IL, USA) 
v.13.0 statistical software. Measurement data were expressed 
as mean ± standard deviation and compared using the t-test. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Construction of stable HSF1‑knockdown cell lines. As shown 
in Fig. 1, lentivirus-mediated shRNA was used to construct 
stable HSF1-knockdown cell lines in this study. After the puro-
mycin screening for 72 h, green fluorescent proteins (GFPs) 
could be seen in approximately 85% of the cells, suggesting 
that lentivirus-mediated shRNA is successfully infected in 
MCF‑7 cells. Western blotting further verified in this study that 
the HSF1/Tubulin ratio (0.24±0.10) of the experimental group 
was significantly decreased compared with that (2.13±0.25) of 
the control group, and the difference was statistically signifi-
cant (P<0.05).

Effects of HSF1 on cell proliferation and tumorigenesis 
ability. As shown in Fig. 2, the cell growth rate of the experi-
mental group significantly became slower compared with 
that of the control group, and the difference was statistically 
significant (P<0.05). In vivo tumor formation assay confirmed 
that the tumor formation rate and growth rate of cells in the 
control group were significantly increased compared with 
those of cells in the experimental group, and the differences 
were statistically significant (P<0.05).

The effects of HSF1 on the apoptosis level of cells. As shown 
in Fig. 3, the proportion of apoptotic cells in the control 
group was (2.38±0.58), and that in the experimental group 
was (12.35±2.35). The difference was statistically signifi-
cant (P<0.05).

The effects of HSF1 on the invasion ability of cells. The inva-
sion ability of cells (372.29±53.21)/well in the experimental 
group was significantly decreased compared with that of cells 
in the control group (143.29 exper)/well, and the difference 
was statistically significant (P<0.05).

The effect of HSF1 on the expression of downstream target 
proteins. In this experiment, the proteomics analysis was 
conducted for cells both in the control and experimental 
groups. The results revealed that there were differences 
in the expression of HSP70, HSP90, anti-apoptotic Bcl-2 
proteins, Bax proteins and MIFs. Western blotting further 
verified in this experiment that the levels of HSP70, HSP90, 
anti-apoptotic Bcl-2 proteins and MIFs in the experimental 
group were significantly downregulated compared with those 
in the control group, and the differences were statistically 
significant (P<0.05; Fig. 4).

Discussion

HSF1, as a transcription factor, can promote the transcription 
and expression of HSP genes. These HPSs, as molecular 
chaperones, play an important role in maintaining the toxicity 
of proteins in the body and the body's metabolism, growth and 

Figure 1. Analysis of infection rate and knockdown rate of lentiviruses. (A) Immunofluorescence was used to analyze the infection efficiency of cells both in 
the control and observation groups after lentivirus infection (magnification, x400). (B) The expression of HSF1 protein in the cells of the control and observa-
tion groups were analyzed by western blotting.

Figure 2. Effects of HSF1 on the proliferation of breast cancer at the cell and animal level. (A) MTT was used to analyze the proliferative ability of cell in the 
control group and the observation group. (B) The growth rate of the control group and the observation group in vivo was analyzed by tumorigenesis experiment. 
*P<0.05.
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development. However, tumor cells are more dependent on the 
function of HSF1 than normal cells, as studies have shown that 

HSF1 is necessary in regulating tumor cell abnormal signals, 
inhibiting mitosis so as to increase genomic aneuploidy, 
inhibiting tumor cell apoptosis and promoting tumor cell 
metastasis and metabolism. HSF1 can only play its role in 
the form of trimerization, and then proteins shift into the 
nucleus and highly phosphorylated, thus binding to heat shock 
elements (HSEs) and activating the activation of downstream 
genes (14,15). Although it is highly expressed in many tumor 
tissues, its effects on the cell biological function and how it 
affects the cell biological function are not clear.

The present study showed that the proliferation rate 
and tumor growth rate of HSF1-knockdown cells were 
significantly decreased, indicating that HSF1 may be 
involved in the proliferation of breast cancer cells. From the 
perspective of apoptosis, it was found that the apoptosis rate of 
HSF1‑knockdown MCF‑7 breast cancer cells was significantly 
higher than that of the control cells, indicating that the 
overexpression of HSF1 significantly reduces cell apoptosis 
and promotes cell proliferation in another aspect. In addition, 
the invasion ability of cells reflected the features of the 
metastasis and infiltration of tumor cells at a particular level. 
It was also found that the invasion ability of HSF1-knockdown 
MCF-7 cells was significantly decreased, manifesting that 
HSF1 is related to the invasion ability of MCF-7 cells.

Recent studies have shown that the AKT-mTOR signaling 
pathway regulates the activation of HSF1 protein. The activa-
tion of HSF1 significantly upregulated the transcription and 
translation of the oncogene, resulting in abnormal cell prolif-
eration or migration and invasion, and the deterioration of cell 
properties (16-18). In order to further analyze how HSF1 knock-
down affects the above biological behaviors of MCF-7 cells, 
proteomics techniques were used to analyze the difference in 
protein expression between control cells and HSF1-knockdown 
cells. The results revealed that the expression of HSP70, HSP90, 
anti-apoptotic Bcl-2 proteins, pro-apoptotic Bax proteins and 
MIFs in the two groups were significantly different. HSP70 and 
HSP90 are two important HSPs and one of the target proteins of 
HSF1, which are currently found to be highly expressed in many 
tumor tissues for promoting tumor development and metas-
tasis (19,20). Anti-apoptotic Bcl-2 proteins and pro-apoptotic 
Bax proteins are the key proteins determining the fate of cells, 
and Bcl-2/Bax ratio variation determines the cells' tendency 
to apoptosis or normality (21). MIF is a unique cytokine that 
promotes the development of malignant tumors. A previous 
study has shown that the expression level of MIF is inseparable 
from tumor progression and tumor angiogenesis (22). This study 
revealed that the levels of HSP70, HSP90, anti-apoptotic Bcl-2 
proteins and MIFs were significantly downregulated, and the 
level of Bax was significantly increased after HSF1 knockdown, 
and this result was consistent with the above-mentioned varia-
tion trend of cell biological behaviors.

In summary, HSF1 may promote cell proliferation, inhibit 
cell apoptosis and increase cell invasion so as to promote 
disease progression by acting on its downstream signaling 
molecules, and it is expected to be used as a target for the 
treatment of tumors.
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significantly downregulated compared with those in the control group. The 
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Figure 3. Effects of HSF1 on the apoptosis level of cells. Flow cytometry 
was used to analyze the changes of the apoptosis level both in the control and 
observation groups.
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