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Abstract: Objective: This study aims to examine the expression of HSP90α in esophageal carcinoma, and explore 
the effects of siRNA-HSP90α on the biological behaviors of esophageal cancer cell CE81T-4. Methods: The expres-
sion of HSP90α in esophageal squamous cell carcinoma (ESCC) of Kazakh was detected by IHC. The relationship 
between this expression and clinical pathological parameters was analyzed. The expression of HSP90α in CE81T-4 
cells was downregulated by siRNA and changes of HSP90α were detected by qRT-PCR and western blot. Its impact 
on CE81T-4 cell proliferation was analyzed by MTT assay, while cell cycle and apoptosis were analyzed by flow cy-
tometry. Moreover, cell migration and invasion changes were detected by scratch and Transwell assays. Results: 
The expression of HSP90α in ESCC was significantly higher than that in paracancerous tissues (P<0.05). Its expres-
sion was associated with tumor invasion, differentiation and lymph node metastasis (P<0.05). After siRNA-HSP90α 
was expressed in CE81T-4 cells, mRNA and protein levels decreased (P<0.01). Furthermore, cell proliferation was 
inhibited by HSP90α downregulation, cell cycle was arrested at the G0/G1 phase, apoptosis was enhanced, and cell 
migration and invasion were decreased (P<0.01). Conclusions: HSP90α was highly expressed in ESCC of Kazakh, 
and was found to be associated to the invasion, metastasis and differentiation of ESCC. The downregulation of 
HSP90α could inhibit the proliferation, migration and invasion of esophageal cancer cells.
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Intorduction

Esophageal carcinoma (EC) is one of the most 
common malignant tumors of the digestive 
tract, which is divided into two histological ty- 
pes: esophageal squamous cell carcinoma (ES- 
CC), and esophageal adenocarcinoma (EAC). 
Among malignant tumors, EC ranks eighth in 
terms of incidence, and sixth in terms of mor-
tality rate [1-4]. The distribution of EC has ob- 
vious regional differences. In China, Kazakh 
people who live in Xinjiang have been reported 
to have the highest incidence of EC; and the 
adjusted mortality was 68.88/100 thousands 
[5]. This rate is more than ten times of that  
in other nations (5.13/100 thousands), and 
90% of these morbidities are due to ESCC. 
Furthermore, the five-year survival rate of 
esophageal cancer is less than 20% [3, 6], in 
which invasion and metastasis are the main 

causes of death. The invasion and metastasis 
of EC are both complex biological processes 
that involve multiple factors. Currently, it has 
been found that a variety of factors, such as the 
matrix metalloproteinase (MMP) family [7-9], 
EGFR [10], VEGF [11] and CXCR [12], participate 
in the invasion and metastasis of EC. In order to 
further explore the invasion and metastasis of 
EC, we performed proteome and gene chip 
analysis on cell lines with high and low meta-
static potentials in the preliminary study. 
HSP90α was highly expressed in EC cells with 
high metastatic potential in the two kinds of 
screening. Previous studies have found that 
HSP90α is highly expressed in many kinds of 
malignant tumors such as lung cancer, bladder 
epithelial cancer, liver cancer and breast can-
cer; and participates in the invasion and metas-
tasis of tumors [13-16]. In this study, we ob- 
served the expression of HSP90α in EC of 
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Kazakh people living in Xinjiang, and its rela-
tionship with clinical pathological parameters. 
RNA interference technology was used to sil- 
ence the expression of HSP90α in EC cell line 
CE81T-4, which has high metastatic potential. 
Then, effects of the downregulation of HSP90α 
in the proliferation, migration and other biologi-
cal behaviors of EC cells were observed. All of 
the above aimed at investigating the expre- 
ssion and function of HSP90α in EC, provid- 
ing theoretical basis for searching for diagnos-
tic targets, prognosis judgment and the treat-
ment of EC.

Materials and methods

Materials

Tissue samples: ESCC specimens obtained 
from Kazakh people living in Xinjiang including 
the paired cancer tissues and paracancerous 
tissues (esophageal mucosal tissue with nor-
mal appearance, which was 2-5 cm distant  
to the edge of the tumor body) were paraffin 
embedded. A total of 86 cases were enrolled  
in each group. Surgical resection specimens 
were stored by the Department of Pathology  
of the First Affiliated Hospital of Xinjiang Me- 
dical University between 2001 and 2013. The 
clinical pathological data were intact: 55 cases 
of male, and 31 cases of female; patient age 
ranged within 35-77 years old, with an average 
age of 59.86 years old; depth of tumor inva-
sion: 5, 23, 55 and 3 cases, in T1, T2, T3 and  
T4 respectively. According to the degree of his-
tological differentiation, these cases were 
divided into three groups: high differentiation 
(20 cases), moderate differentiation (37 cases), 
and poor differentiation (29 cases). Further- 
more, according to lymph node metastasis, 
these cases were divided into two groups: no 
metastasis (36 cases), and metastasis (50 
cases). No radiotherapy, chemotherapy, or bio-
logical therapy was given to patients prior to 
surgery. Sample acquisition and application, 
were signed informed consent by patients and 
approved by Ethics Committee of Xinjiang Me- 
dical University.

Esophageal cancer cell line: The CE81T-4 high 
invasion esophageal squamous carcinoma cell 
line was offered by Professor Ming-Tsang Wu, 
Kaohsiung Medical University Hospital, Kaoh- 
siung, Taiwan [17].

Reagent: Rabbit anti-human HSP90α polyclo- 
nal antibody was purchased from Cell Signal 

Technology; DMEM medium and fetal bovine 
serum (FBS) was purchased from Gibco, USA; 
prime ScriptTM one-step RT-PCR kit, SYBR 
Green PCR premix, and the DNA Marker were 
purchased from Takara Biotechnology Co.  
Ltd.; RIPA lysate and the PCR product purifi- 
cation kit was purchased from Beijing Baitai- 
ke, China; LipofectamineTM 2000, Western 
blot second antibody kit, methylthiotetrazole 
(MTT), Western blot, Opti-MEM, and Trizol were 
purchased from Invitrogen; glycine was pur-
chased from Biovision, USA; diethylpyrocar- 
bonate (DEPC) was purchased from Amreseo, 
USA; DMSO, TEMED and SDS were purchased 
from Sigma, USA; PVDF films were purchased 
from Millipore, USA; apoptosis and cell cycle 
kits were purchased from Beibo, China; the 
Transwell chamber was purchased from Milli- 
cell, USA; other materials such as chloroform, 
sodium dodecyl sulfate, hydrochloric acid, iso-
propyl alcohol, anhydrous ethanol, NaCl, KCl, 
Na2HPO4, KH2PO4 and methanol reagent were 
domestic products.

Methods

HSP90α expression in ESCC and adjacent  
tissues were detected by immunohistochemis-
try in 86 cases of Kazakh people in Xinjiang: 
Samples were detected by SP method, accord-
ing to kit instructions. The first antibody was 
replaced with PBS liquid as the negative con-
trol, and took the known positive reaction sec-
tion as the positive control. Tissue sections 
were routinely deparaffinized, dehydrated, re- 
paired with citric acid sodium EDTA antigen re- 
trieval buffers for 20 minutes, and incubated 
with 3% H2O2 for 10-15 minutes to block the 
endogenous peroxidase. Then, the first anti-
body HSP90α (diluted at a ratio of 1:250) was 
added and incubated at 4°C overnight. Next, 
horseradish peroxidase-labeled secondary an- 
tibody biotin was added, washed with PBS in 
each step, and incubated at room temperature. 
Then, the secondary antibody was discarded, 
DAB developing liquid was added, re-satined 
with hematoxylin to make the section blueing, 
dehydrated in graded alcohol, and the section 
was sealed with neutral gum. Immunohisto- 
chemistry (IHC) staining scores: The Formowitz 
comprehensive scoring method was adopted 
[18]. Ten high power fields (HPFs, ×200) were 
randomly selected in each section, counted at 
least one thousand cells, and staining inten- 
sity and positive cell percentage scores were 
evaluated in each field. Scores were evaluated 



Expression and role of HSP90α in esophageal squamous cell carcinoma

23094	 Int J Clin Exp Med 2016;9(12):23092-23101

based on staining strength: 0 point, no stain-
ing; 1 point, light yellow staining; 2 points, pale-
brown staining; 3 points, brown staining. Fur- 
thermore, scores were also given based on  
the number of positive cells: <5%, 0 point; 
5%-25%, 1 point; 26%-50%, 2 points; 51%-75%, 
3 points; >75%, 4 points. Next, the following 
scores were given based on the sum of the 
staining intensity score and the positive cell 
proportion score: 2 points, the result is nega-
tive (-); 2-3 points, the result is weak positive 
(+); 4-5 points, the result is moderately positive 
(++); 6-7 points, the result is strong positive 
(+++). Negative and weak positive were as- 
signed as the low expression group, while po- 
sitive and strong positive were assigned as  
the high expression group. Immunohistoche- 
mical staining results were evaluated by two 
pathologists.

Cell culture and transfection: After recovery, 
CE81T-4 cells were cultured in 8% FBS and 
DMEM medium at 37° with 5% CO2, and di- 
gested by trypsin for cell passage. Twenty-four 
hours before transfection, CE81T-4 cells in  
the logarithmic growth period were inoculated 
into six-well culture plate at a density of 2.0× 
105; and transient transfection was perform- 
ed when the abundance approximately re- 
ached 70%-80%. The experiment was divided 
into three groups: experimental group (siRNA-
HSP90α group), negative control group (blank 
vector group) and blank control group (normal 
growth group). HSP90α siRNA interference se- 
quences were designed and synthesized by Ji 
Ma Pharmaceutical Technology Co., Ltd., Sh- 
anghai, which are as follows: 5’-GGAGGAGG- 
AACGUGAUAAATT-3’, and 5’-UUUAUCACGUUC- 
CUUCUCCTT-3’. The interference sequence for 
the negative control group was: 5’-UUCUCCG- 
AACGUGUCACGUTT-3’, and 5’-ACGUGACACGU- 
UCGGAGAATT-3’. Liposome LipofectamineTM 
2000 was diluted with opti-MEM, and incubat-
ed at room temperature for 20 minutes in the 
dark. The HSP90α siRNA interference sequ- 
ence and the interference sequence of the  
negative control group were mixed with Lipo- 
fectamineTM 2000 at a ratio of 2:1 for the 
experimental group and negative control group, 
respectively; and 600 μl of the mixture of each 
group were individually dropped into the trans-
fection wells. No intervention was added into 
the blank control group. Then, cells were cul-
tured for 72 hours, and collected for qRT-PCR 
and western blot detection.

HSP90α mRNA expression in cells in each 
group were detected by real-time fluorescence 
quantitative polymerase chain reaction (qRT-
PCR): Cells were collected, total RNA was ex- 
tracted according to the proportion that 1 ml  
of Trizol was added into the cells at the den- 
sity of 2.0×105, the whole operation process 
was carried out on ice, and optical density (OD) 
values of the extracted RNA was measured. 
The concentration and purity of RNAs were de- 
tected, and purity of the RNA was considered 
qualified if absorbance ratio at OD 260/280 
was within 1.8-2.0. The reverse transcription 
reaction system was 20 μl, and these reactions 
were carried out with reverse transcription pri- 
mers of HSP90α and β-actin. The upstream 
primer of HSP90α was 5’-CTGCTTATTTGGTT- 
GCTGAGAAAGT-3’ and the downstream primer 
was 5’-TCCTTTATTCTTCGTTCCTCCAAG-3’, while 
the upstream primer of β-actin was 5’-TggC- 
ACCCAgCACAATgAA-3’ and the downstream 
primer was 5’-CTAAgTCATAgTCCgCCTAgAAgC- 
A-3’. The obtained 2 μl cDNA was taken as the 
template, and qRT-PCR reaction was carried 
out, with a total reaction system of 20 μl. Re- 
action conditions were: pre-degeneration at 
95°C for three minutes → degeneration at 
95°C for 3S → annealed at 55°C for 30 sec-
onds (for β-actin)/57°C for 30 seconds (for 
HSP90α), and reacted for 40 cycles. Next, the 
dissolution curve drawn, and the difference  
in HSP90α mRNA expression was compared by 
using the relative quantitation method of  
the standard curve.

Detection of HSP90α protein expression in 
each group by western blot: The BCA method 
was used to determine the protein concentra-
tion. Total protein of the sample was separa- 
ted by 10% sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis (SDS-PAGE). Samp- 
ling quantity was 30 μg. Electrophoresis was 
performed at 120 V for 1.5-2 hours, and the 
protein was transferred onto the polyvinyli- 
dene fluoride (PVDF) film. Then, the film was 
blocked at 37°C for 60 minutes. Next, rabbit 
anti-human HSP90α polyclonal antibody dilut-
ed at a ratio of 1:250 was added. The film  
was incubated at 4°C overnight, incubated  
with the second antibody for 30 minutes, incu-
bated with a luminescence agent until the 
bands were clear, and terminated the deve- 
loping reaction with distilled water. The film was 
scanned by a gel imaging instrument, and the 
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gray value ratio was calculated as the re- 
lative protein expression level.

Cell proliferation detection: The MTT method 
was adopted. Three groups of cells were ino- 
culated into 96-well plate at a cell density of 
approximately 103-104/ml. Then, 20 μl of MTT 
solution (5 mg/ml) was added into wells prior  
to inoculation (zero-hour), and at 24, 48, 72 
and 96 hours after transfection, respective- 
ly. Subsequently, cells were incubated at 37°C 
for four hours, and the supernatant was dis-
carded. Then, 150 μl of dimethyl sulfoxide (DM- 
SO) was added into each well, oscillated for  
10 minutes, protected from light, and absor-
bance value (OD) in each well was detected  
by a Microplate Reader at wave length of 490 
nm. The average OD value in each group was 
calculated, which could indirectly reflect the 
number of live cells in each group. The cell 
growth curve was drawn with time as the hori-
zontal coordinate and OD value as the longitu-
dinal coordinate.

Cell cycle detection: At 48 hours after transfec-
tion, three groups of cells were collected. Cells 
were washed with pre-cooled PBS twice, centri-
fuged at 1,000 rpm for five minutes, and the 

with pre-cooled PBS twice, centrifuged at 
1,000 rpm for five minutes, and the superna-
tant was discarded. Then, cells were suspend-
ed with 400 μl of 1 X Annexin-V combination 
solutions, 5 μl of Annexin V-FITC staining liquid 
was added, cells were incubated at 4°C, and 
was kept in the dark. Next, 10 μl of PI staining 
solution was added, incubated at 4°C for five 
minutes, and kept in the dark. The distribution 
of cells in these four quadrants were detected 
by flow cytometry within 30 minutes.

Cell migration ability detection by cell scratch 
test: Cells were inoculated into 6-well plate at  
a density of 1×106/well and cultured until the 
cell growth coverage rate reached 100%. At  
24 hours after transfection, cells in these  
three groups were taken; and a straight line 
was drawn with a 10 μl sterile micro pipette tip 
at the bottom of the well, ensuring that the 
thickness of the line was even for each well. 
Under an inverted microscope, 5-6 different 
dots were marked at positions where the scr- 
atch width and cell density was consistent, and 
photos were taken to measure the scratch 
width at zero, 24, 48 and 72 hours, respec- 
tively; then, healing speed of the scratch was 
observed.

Table 1. Expression of HSP90α in ESCC and its relationship with clini-
cal pathological parameters

Pathological parameters Sample 
number

HSP90α expression P 
valueLow expression High expression

Gender
    Male 55 8 47 0.516
    Female 31 3 28
Age
    <60 old 36 5 31 0.795
    ≥60 old 50 6 44
Depth infiltration
    T1 5 2 3 0.024#

    T2 23 6 19
    T3 55 3 52
    T4 3 0 3
Degree of differentiation
    High differentiation 20 6 14 0.021#

    Middle differentiation 37 4 33
    Poorly differentiated 29 1 28
Lymph node metastasis
    Yes 50 2 48 0.011#

    None 36 9 27
#P<0.05.

supernatant was discard-
ed. Then, cells were fixed 
with 75 mL/L frozen etha-
nol, and incubated at 4°C 
overnight. Cell concentra-
tion was adjusted to a den-
sity of 1×106/ml, 2 μl (25 
mg/ml) of RnaseA was 
added into the cells and 
mixed evenly, the mixture 
was placed in a water bath 
at 37°C for 30 minutes, 
and cells were filtered with 
a 400 mesh sieve. Next, 
400 μl of propidium iodide 
(PI) dying solution was ad- 
ded, incubated at 4°C for 
30-60 minutes, and kept in 
the dark. The fluorescence 
intensity of DNA-PI was 
detected by flow cytometry. 
The longest excitation wa- 
velength was 488 nm.

Cell apoptosis detection: At 
48 hours after transfec-
tion, three groups of cells 
were collected, washed 
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Detection of cell invasion ability by transwell 
invasion assay in vitro: At 24 hours after trans-
fection, cells in the three groups were pro- 
ceeded cultured for 12 hours withdrawal se- 
rum; and the cell suspensions were prepared. 
The Matrigel in the Transwell chamber was 
rehydrated, cells suspensions were added into 
the chamber, 500 μl of culture medium con- 
taining 10% FBS was added to the bottom,  
and incubated for 36 hours. The Matrigel and 
cells that did not invade was wiped-off at the 
bottom of the upper chamber. Then, cells were 
stained with crystal violet, and observed and 
counted under an inverted microscope.

Statistical analysis

SPSS 17.0 statistical software was used for 
statistical analysis. Measurement data were 
expressed as mean ± standard deviation  
(±SD), conformed to normal distribution, and 
t-test was used for evaluating the results. Vari- 
ance analysis was performed among multiple 
groups. If measurement data conformed to  
the skewed distribution, the rank sum test was 
adopted. Wilcoxon test was used for compari-
son between two groups, and chi-square test 
was used for count data. P<0.05 was consid-
ered statistically significant.

Results

HSP90α expression in ESCC and paracancer-
ous tissues in Kazakh people living in Xinjiang

HSP90α expression was detected by IHC. Re- 
sults revealed that HSP90α was positively 

expressed mainly in the cytoplasm of EC cells 
and paracarcinoma tissues, and a small part 
had a weak positive expression in the nucleus 
of EC cells. The high expression rates of 
HSP90α in 86 cases of Kazakh people living  
in Xinjiang with ESCC and adjacent tissues 
were 75 cases (87.2%) and 16 cases (18.6%) 
(P=0.0000) respectively. HSP90α expression 
was positively correlated to the invasion depth 
of EC, and was negatively correlated to the  
differentiation degree of ESCC. Furthermore, 
HSP90α expression was higher in patients  
with lymph node metastasis, compared with 
patients without lymph node metastasis 
(P<0.05); and it was not correlated with  
the age and gender of patients (Table 1 and 
Figure 1).

Effects of RNA interference silencing on 
HSP90α expression in CE81T-4 cells detected 
by qRT-PCR and western blot

The relative mRNA expression of HSP90α was 
detected by qRT-PCR after siRNA-HSP90α 
transfection. These results revealed that 
HSP90α mRNA expression in the experimental 
group was significantly reduced than in the 
other two groups (P<0.01). Furthermore, there 
was no difference in HSP90α mRNA expression 
between the negative control group and blank 
control group (P>0.05, Figure 2). After siRNA-
HSP90α transfection for 72 hours, western blot 
was applied to detect the expression of 
HSP90α. Results revealed that the relative 
expression quantity of HSP90α protein among 

Figure 1. Expression of HSP90α protein in paracancerous tissues and tissue of high and medium-low differentiated 
ESCC. A. Negative expression of HSP90α in the adjacent tissues of ESCC (×200). B. Positive expression of HSP90α 
in highly differentiated ESCC (×200). C. Strong positive expression of HSP90α in middle-low differentiation of ESCC 
(×200).



Expression and role of HSP90α in esophageal squamous cell carcinoma

23097	 Int J Clin Exp Med 2016;9(12):23092-23101

the three groups (siRNA-HSP90α group, blank 
vector group and normal growth group) was 
0.0076±0.0011, 0.8158±0.102 and 0.8635± 
0.0779, respectively. HSP90α protein in the 
siRNA-HSP90α group significantly decreased, 
compared with the other two groups (P<0.01), 
and there was no significant difference between 
the other two groups (P>0.05, Figure 3). These 
indicate that HSP90α was successfully silenced 
by RNA interference.

Effect of HSP90α silencing on CE81T-4 cell 
proliferation

CE81T-4 cells were transfected with siRNA-
HSP90α, and the proliferation activity of these 
three groups was detected by MTT assay at 0, 
24, 48, 72 and 96 hours post-transfection. 
There were no significant differences among 
these groups at zero-hour and 24 hours post-
transfection (P>0.05). At 48 hours, cell prolif-
eration in the HSP90α silenced group was inhibi- 

ative control group, compared with the blank 
control group. Furthermore, cells in the G0/G1 
phase in the siRNA-HSP90α group significantly 
increased (P<0.01), and no obvious changes 
were found in the other phases (Table 2). Using 
fluorescein FITC-labeled Annexin-V as a probe, 
apoptosis was detected by flow cytometry. 
Apoptosis rates in the siRNA-HSP90α group, 
negative control group and blank control group 
were 27.30±4.33%, 5.63±1.12%, 10.20± 
2.04%, respectively (P<0.01, Figure 5). These 
indicate that the downregulated expression of 
HSP90α in CE81T-4 cells, which led to cell cycle 
arrest at the G0/G1 phase and promoted cell 
apoptosis.

Effect of HSP90α inhibition on the migration 
ability of CE81T-4 cells

Effect of HSP90α on the migration ability of 
CE81T-4 cells was analyzed by cell scratch test. 
Results revealed that cell migration was inhib-
ited in the siRNA-HSP90α group at 24, 48 and 
72 hours at post-scratch, and scratch healing 
was retarded, when compared with the other 
two groups (Figure 6). This suggests that the 
downregulated expression of HSP90α could 
inhibit the migration of CE81T-4 cells.

Effect of HSP90α silencing on the invasion 
ability of CE81T-4 cells

The invasion ability of CE81T-4 cells was detect-
ed by Transwell invasion test. When HSP90α 
expression in cells was downregulated, six visu-

Figure 2. The effect of qRT-PCR on the expression of HSP90α in CE81T-4 
cells. *It indicates that comparing two groups, the difference is statistically 
significant, p<0.01.

Figure 3. Blotting HSP90α detection of Western al-
pha protein expression in three groups.

ted, in comparison with the 
negative control group and 
blank control group. The same 
trends were found at 72 hours 
and 96 hours, and the differ-
ences were statistically signif-
icant (P<0.05, Figure 4). Th- 
ese results suggest that the 
downregulation of HSP90α 
significantly inhibited the pro-
liferation of CE81T-4 cells.

Effects of HSP90α downregu-
lation on CE81T-4 cell cycle 
and apoptosis

Cell cycle was detected by 
flow cytometry. Results reve- 
aled that there were no signifi-
cant changes in the percent-
age of each phase in the neg-
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al fields were randomly selected in each group; 
and cells were observed and counted under an 
inverted microscope. Results revealed that the 
number of invasive migrated cells in the experi-
mental group was (73.83±3.65), which was sig-
nificantly lower than in the blank con- 
trol group (183.50±7.66) and negative control 
group (163.33±10.03); and the difference was 
statistically significant (P<0.01).

Discussion

HSP90 is a highly conserved special protein 
that belongs to the molecular chaperone fami-
ly. In addition to its participation in the pro-
cessesof folding, transportation and synthesis 
of protein, it plays important roles in the de- 
velopment and progression of tumors. At pres-
ent, as a novel anticancer therapeutic target, 
HSP90 has attracted much concern, because it 
has more than one hundred client proteins [19] 

can also regulate the number of proto-onco-
genes expression and transformation growth 
factors, as well as inhibit the transcription for 
regulating genes related to cell growth; which 
would lead to changes in cell growth and dif-
ferentiation, and induce cell carcinogenesis 
[22].

By IHC, we found in this study that among the 
86 cases of Kazakh people living in Xinjiang 
with ESCC, 75 (87.2%) cases were high expres-
sion of HSP90α, which was significantly higher 
than that in the adjacent tissues of cancer  
that the high expression of HSP90α was 16 
cases (18.6%), HSP90α is mainly expressed in 
the cytoplasm and partly expressed in the 
nucleus. This was basically consistent with the 
result of previous studies on HSP90α in EC con-
ducted by X Wu [23]. We also found that the 
more deeper the EC infiltrated, the higher the 
expression level of HSP90α was. However, the 

Figure 4. The proliferation and viability of CE81T-4 cells transfected with 
siRNA-HSP90α cells were detected by MTT. *It indicates that compared with 
the control group, the difference is statistically significant, p<0.01.

Table 2. Down-regulation of HSP90α induced an accumulation of 
G1-phase cells compared to blank vector and normal growth group

Group
Phase distribution of cell cycle

G0/G1 S G2/M
SIRNA-HSP90α group 74.16±1.17﹡ 6.43±0.51 19.37±4.28
Blank vector group 66.83±0.45 8.07±1.06 25.03±10.51
Normal growth group 66.93±0.97 7.9±0.72 25.20±8.25
All data are presented as the means SD from at least three independent experi-
ments performed in triplicate. ﹡P<0.01 versus “blank vector/normal” group.

such as TGF-receptor, Raf, 
HIF-1, P53, EFGR, AKt, and 
ERK1/2. These are involved 
in a variety of cellular signal 
transduction pathways such 
as cell proliferation, cycle reg-
ulation and apoptosis. HSP90 
has two isoforms, Hsp90α 
and Hsp90β; and the similari-
ty in amino acid sequences be- 
tween these two isoforms is 
93%, which a consistency of 
86% [20]. Furthermore, sub-
strate proteins that can spe-
cifically combine with these 
have been recently found, 
and HSP90α has a more clo- 
se relationship with tumors. 
Studies have shown that 
HSP90α is highly expressed 
in multiple tumors and is 
associated with malignancy 
degree, and that it can be 
used to judge the prognosis of 
the disease [13-16, 20]. The 
most important role of HSP- 
90α in cancer is to stabilize 
oncogenes and some over 
expressed factors in an acti-
vated state [21], and provide 
a basic growth environment 
for the development of tu- 
mors, in order to adapt to the 
needs of cell proliferation. It 
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higher degree of tumor differentiated the low- 
er expression level of HSP90α; and HSP90α 
was upregulated in tumors with lymph node 
metastasis, compared with those without 
metastasis. This revealed that HSP90α may be 
involved in the differentiation, invasion and 
metastasis of ESCC in Kazakh people living in 
Xinjiang. In order to investigate the roleof 
HSP90α in esophageal cancer, we silenced the 
HSP90α gene of CE81T-4 EC cells by RNA inter-
ference technique. RNAi is a gene silencing 
phenomenon of a specific sequence induced by 

In summary, we found that HSP90α was highly 
expressed in ESCC in Kazakh people evaluated 
in this study, and confirmed at histological  
and cellular levels that HSP90α was involved in 
EC invasion and metastasis processes. Fur- 
thermore, it was also found that HSP90α  
could affect the proliferation and apoptosis  
of EC cells. Some studies have suggested that 
HSP90α inhibitor 17-AGG can inhibit HGF/SF 
mediated tumor cell invasion [23, 24]. In a 
recent study, Suzuki R found that in multiple 
myeloma cells, HSP90α/β inhibitors can affect 

Figure 5. Flow cytometry detected apoptosis rate of CE81T-4 after transfectied. A: Experimental group; B: Negative 
control group; C: Blank control group; *P<0.01.

Figure 6. Images of Inverted microscope in Wound healing assay. A: Blank 
control group; B: Negative control group; C: Experimental group.

double-stranded RNA (ds- 
RNA). This technology can 
overcome limitations of the 
gene knockout technique, 
which has high efficiency and 
specificity. It has become a 
more effective way of study-
ing gene functions. qRT-PCR 
and western blot result re- 
vealed a significant decrea- 
se in the mRNA and protein 
expression of HSP90α in CE- 
81T-4 cells after siRNA-HS- 
P90α transfection. This indi-
cates that HSP90α was effec-
tively downregulated. Through 
observing the biological be- 
havior variations of CE81T-4 
cells, in which the HSP90α 
gene was silenced, we found 
that siRNA-HSP90α could 
inhibit the increase of HS- 
P90α and reduce cell migra-
tion and invasion ability. 
However, it can promote cell 
apoptosis, and block the cell 
cycle in the G0/G1 phase.
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the proliferation and apoptosis of tumor cells 
by acting on the pathway of RAS-RAF-MEK-ERK 
[25]. Whether HSP90α is involved in the bio-
logical behaviors of tumor cells in ESCC th- 
rough the same mechanisms described above, 
it still needs further research.

Acknowledgements

Supported by Major Science and Technology 
Projects of the Xinjiang Uygur Autonomous 
Region (No. 201430123-1), Natural Science 
Foundation of Xinjiang Uygur Autonomous 
Region, China, (No. 2014211C052), National 
Natural Science Foundation of China, (No. 
81360416).

Disclosure of conflict of interest

None.

Address correspondence to: Xiang-Yang Zhang, De- 
partment of Comprehensive Cardiac Medicine, The 
First Affiliated Hospital, Xinjiang Medical Univer- 
sity, No. 137 Liyushan South Road, Urumqi 830- 
011, China. Tel: +86-991-4363798; Fax: +86-991-
4363798; E-mail: xiangyangzhangdoc@163.com; 
Zhi-Qiang Zhang, Department of Gastroenterology, 
The First Affiliated Hospital, Xinjiang Medical Uni- 
versity, No. 137 Liyushan South Road, Urumqi 830- 
011, China. Tel: +86-991-4362608; Fax: +86-991-
4362608; E-mail: zhiqiangzhangdoc@sina.com

References

[1]	 Neto AG, Whitaker A, Pei Z. Microbiome and 
potential targets for chemoprevention of eso- 
phageal adenocarcinoma. Semin Oncol 2016; 
43: 86-96.

[2]	 Falk GW. Risk factors for esophageal cancer 
development. Surg Oncol Clin N Am 2009; 18: 
469-85.

[3]	 D’Journo XB, Thomas PA. Current manage-
ment of esophageal cancer. J Thorac Dis 2014; 
6 Suppl 2: S253-64. 

[4]	 Ma RL, Shen LY, Chen KN. Coexpression  
of ANXA2, SOD2 and HOXA13 predicts poor 
prognosis of esophageal squamous cell carci-
noma. Oncol Rep 2014; 31: 2157-64.

[5]	 Awut I, Niyaz M, Biekemitoufu H, Zhang Z, 
Sheyhedin I, Hao W. Molecular pathological di-
agnosis for early esophageal cancer in Kazakh 
patients. Oncol Lett 2012; 3: 549-553. 

[6]	 Zhang Y. Epidemiology of esophageal cancer. 
World J Gastroenterol 2013; 19: 5598-606. 

[7]	 Pang L, Li Q, Li S, He J, Cao W, Lan J, Sun B, 
Zou H, Wang C, Liu R, Wei C, Wei Y, Qi Y, Hu J, 
Liang W, Zhang WJ, Wan M, Li F. Membrane 

type 1-matrix metalloproteinase induces epi-
thelial-to-mesenchymal transition in esopha-
geal squamous cell carcinoma: Observations 
from clinical and in vitro analyses. Sci Rep 
2016; 6: 22179. 

[8]	 Zhang L, Xi RX, Zhang XZ. Matrix metallopro-
teinase variants associated with risk and clini-
cal outcome of esophageal cancer. Genet Mol 
Res 2015; 14: 4616-24. 

[9]	 Miao S, Zhou SY, Han CS, Zhang LN, Sun HB, 
Yang B. Clinicopathological significance of ma-
trix metalloproteinase-7 protein expression in 
esophageal cancer: a meta-analysis. Drug Des 
Devel Ther 2015; 9: 3729-40. 

[10]	 Niyaz M, Anwer J, Liu H, Zhang L, Shayhedin I, 
Awut I. Characterization of the expression and 
clinical features of epidermal growth factor re-
ceptor and vascular endothelial growth factor 
receptor-2 in esophageal carcinoma. Oncol 
Lett 2015; 10: 3696-3704. 

[11]	 Zhang L, Wang Y, Bai G, Zhang J, Yang M, Ma  
X. The relationship between the expression of 
VEGF, EGFR, and HER-2 mRNA in esophageal 
squamous cell carcinoma (ESCC) and clinico-
pathological features of different ethnic groups 
in Xinjiang. Tumour Biol 2015; 36: 9277-83.

[12]	 Guo J, Yu X, Gu J, Lin Z, Zhao G, Xu F, Lu C,  
Ge D. Regulation of CXCR4/AKT- signaling-in-
duced cell invasion and tumor metastasis by 
RhoA, Rac-1, and Cdc42 in human esophageal 
cancer. Tumour Biol 2016; 37: 6371-8.

[13]	 Shi Y, Liu X, Lou J, Han X, Zhang L, Wang Q, Li 
B, Dong M, Zhang Y. Plasma levels of heat 
shock protein 90 alpha associated with lung 
cancer development and treatment respons-
es. Clin Cancer Res 2014; 20: 6016-22. 

[14]	 Lee H, Choi SK, Ro JY. Overexpression of DJ-1 
and HSP90α, and loss of PTEN associated with 
invasive urothelial carcinoma of urinary blad-
der: Possible prognostic markers. Oncol Lett 
2012; 3: 507-512. 

[15]	 Li W, Miao X, Qi Z, Zeng W, Liang J, Liang  
Z. Hepatitis B virus X protein upregulates 
HSP90alpha expression via activation of c-Myc 
in human hepatocarcinoma cell line, HepG2. 
Virol J 2010; 7: 45. 

[16]	 Cooper LC, Prinsloo E, Edkins AL, Blatch GL. 
Hsp90α/β associates with the GSK3β/axin1/
phospho-β-catenin complex in the human 
MCF-7 epithelial breast cancermodel. Biochem 
Biophys Res Commun 2011; 413: 550-4. 

[17]	 Chen YK, Chang WS, Wu IC, Li LH, Yang SF, 
Chen JY, Hsu MC, Chen SH, Wu DC, Lee JM, 
Huang CH, Goan YG, Chou SH, Huang CT, Wu 
MT. Molecular characterization of invasive sub-
populations from an esophageal squamous 
cell carcinoma cell line. Anticancer Res 2010; 
30: 727-736.

mailto:xiangyangzhangdoc@163.com
mailto:zhiqiangzhangdoc@sina.com


Expression and role of HSP90α in esophageal squamous cell carcinoma

23101	 Int J Clin Exp Med 2016;9(12):23092-23101

[18]	 Fromowitz FB, Viola MV, Chao S, Oravez S, 
Mishriki Y, Finkel G, Grimson R, Lundy J. ras 
p21 expression in the progression of breast 
cancer. Hum Pathol 1987; 18: 1268-1275.

[19]	 Beliakoff J, Whitesell L. Hsp90: an emerging 
target for breast cancer therapy. Anticancer 
Drugs 2004; 15: 651-662.

[20]	 Zuehlke AD, Beebe K, Neckers L, Prince T. 
Regulation and function of the human HSP- 
90AA1. Gene 2015; 570: 8-16.

[21]	 Calderwood SK, Gong J. Heat Shock Proteins 
Promote Cancer: It’s a Protection Racket. 
Trends Biochem Sci 2016; 41: 311-23. 

[22]	 Pratt WB. The hsp90-based chaperone sys-
tem: involvement in signal transduction from 
hormone and growth factor receptors. Proc 
Soc Exp Biol Med 1998; 217: 420-434.

[23]	 Xie Q, Gao CF, Shinomiya N, Sausville E, Hay  
R, Gustafson M, Shen Y, Wenkert D, Vande 
Woude GF. Geldanamycins exquisitely inhibit 
HGF/SF-mediated tumor cell invasion. Onco- 
gene 2005; 24: 3697-707. 

[24]	 Shen Y, Xie Q, Norberg M, Sausville E, Vande 
Woude G, Wenkert D. Geldanamycin deriva- 
tive inhibition of HGF/SF-mediated Met ty- 
rosine kinase receptor-dependent urokinase-
plasminogen activation. Bioorg Med Chem 
2005; 13: 4960-71.

[25]	 Suzuki R, Kikuchi S, Harada T, Mimura N, 
Minami J, Ohguchi H, Yoshida Y, Sagawa M, 
Gorgun G, Cirstea D, Cottini F, Jakubikova J,  
Tai YT, Chauhan D, Richardson PG, Munshi N, 
Ando K, Utsugi T, Hideshima T, Anderson KC. 
Combination of a Selective HSP90α/β Inhibi- 
tor and a RAS-RAF-MEK-ERK Signaling Path- 
way Inhibitor Triggers Synergistic Cytotoxicity  
in Multiple Myeloma Cells. PLoS One 2015; 10: 
e0143847.


