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Purpose: Extracellular Hsp90α (eHsp90α) is known to be involved in tumor invasiveness
and metastasis, and its prognostic value in many kinds of tumors has been identified. We
aimed to evaluate the clinical and functional role of eHsp90α in esophageal squamous cell
carcinoma (ESCC).
Patients and methods: A total of 193 patients with newly diagnosed ESCC were retrospectively evaluated. The relationship between serum Hsp90α levels before treatment and ESCC
malignancy of the patients was analyzed. To test the role of eHsp90α in migration and invasion
of ESCC cell lines, transwell assay was performed. Western blotting was used to explore the
possible mechanism in which eHsp90α promotes ESCC migration and invasion.
Results: We found that the serum Hsp90α level before treatment is positively correlated with
ESCC malignancy. Moreover, high serum Hsp90α level before treatment was significantly
correlated with positive lymph node (LN) metastasis, which is the main prognostic factor for
ESCC patients. Meanwhile, we demonstrated that eHsp90α promoted migration and invasion
of ECA109 and ECA9706 in vitro. Further investigations revealed that eHsp90α stabilized
MMP-2 and promoted epithelial-to-mesenchymal transition evidenced by downregulation of
E-cadherin and upregulation of N-cadherin. On the other hand, Hsp90α neutralizing antibody
functionally blocked the secreted Hsp90α and reversed those effects.
Conclusion: Our findings prove the critical role of eHsp90α in promoting ESCC migration
and invasion, indicating it can be not only a promising predictor for ESCC LN status, but also
an effective target in ESCC therapeutics, especially in preventing LN metastasis.
Keywords: extracellular Hsp90α, esophageal squamous cell carcinoma, lymph node metastasis,
migration, invasion, MMP-2
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Esophageal carcinoma is the eighth most common cancer and the sixth leading cause
of cancer death in the world.1 In Asian countries, the predominant histological type is
esophageal squamous cell carcinoma (ESCC), which has a high risk of lymph node
(LN) metastasis.2 It is well known that LN metastasis is an important prognostic factor
for patients with ESCC, and regional LNs have been the most common initial site of
ESCC recurrence.3 Therefore, current efforts have been focused on the development
of clinically relevant biomarkers that predict LN status in ESCC patients.
Hsp90 is a molecular chaperone that assists the conformational maturation, folding,
and refolding of client proteins during stress and protects them from degradation.4 It is
exploited by cancer cells to support activated oncoproteins that are essential for oncogenic transformation. A previous study showed that Hsp90 is abundantly expressed
1119

submit your manuscript | www.dovepress.com

OncoTargets and Therapy 2019:12 1119–1128

Dovepress

© 2019 Wang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you
hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

http://dx.doi.org/10.2147/OTT.S195529

Dovepress

Wang et al

in esophageal cancer as well as in esophageal cancer cell
lines.5 Hsp90α is one of the isoforms of Hsp90, which can
also be secreted to the extracellular space.6 It may be found
either in a secreted form or on the cell surface, both forms
are detected in diverse tumor types.7 Despite the fact that
the exact mechanism of Hsp90α secretion is not completely
understood, some parts of the process have been elucidated.
PKA-dependent phosphorylation of the Thr-90 residue,
along with cleavage of the EEVD motif from the C-terminal
tetratricopeptide repeat domain, leads to Hsp90α secretion.8
Nowadays, the importance of eHsp90α for tumor cell migration and invasion has been recognized. Furthermore, Hsp90α
can be detected in the blood of cancer patients, and the serum
Hsp90α level is positively associated with tumor malignancy,
especially regional and distant metastasis.9 Lots of encouraging results in multiple malignant tumors have demonstrated
that eHsp90α may be a useful diagnostic and prognostic
biomarker to assess disease status and predict outcome.8
eHsp90α interacts with extracellular clients10,11 and surface
receptors8,12 to promote cell migration and invasion in cancer.
MMP-2 is a key protein involved in cancer invasiveness and
metastasis. Several studies demonstrated that Hsp90α secreted
by tumor cells interacts with and promotes the activity of
MMP-2,11,13–15 thus enhancing tumor cells’ invasiveness and
metastasis. In addition, increased migration and invasion is
a characteristic of cells that have undergone epithelial-tomesenchymal transition (EMT). It is one of the most important
processes through which tumor cells acquire the ability of
migration and invasion. Tumor surface Hsp90α correlates with
elevated expression of several key drivers of EMT.16 However,
no reports about eHsp90α affecting ESCC migration and invasion through regulating MMP-2 or EMT have come out yet.
Despite its growing importance, the role of eHsp90α in
migration and invasion of ESCC remains largely undefined.
In this report, we evaluated the relationship between serum
Hsp90α level before treatment and ESCC malignancy as well
as LN status. We also explored the effect of eHsp90α on
migration and invasion in vitro and preliminarily investigated
the related mechanism.

Patients and methods
Patients
The medical records of 193 patients with newly diagnosed
ESCC who underwent esophagectomy at Shandong Cancer
Hospital between May 2015 and February 2018 were
retrospectively reviewed in this study. Tumor staging was
determined according to the 7th edition of the International
Union Against Cancer tumor node metastasis system (TNM)
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classification. Clinical data of the patients including age,
gender, tumor length, tumor location, tumor differentiation, TNM stage, and serum Hsp90α level before treatment
were recorded. The cut-off value of Hsp90α was defined
as 82.06 ng/mL, according to the 95% CIs of cancer-free
Chinese patients. All resected specimens were submitted
for pathologic examination. The pathologists examined all
slides to evaluate the depth of the primary tumors and node
involvement. This study complied with the standards of current ethical guidelines and was approved by the Institutional
Ethics Committee of Shandong Cancer Hospital. All subjects
included in the study reviewed the study protocol and gave
written informed consent to participate in the study.

Cell lines and cell culture
ECA109 and ECA9706 were purchased commercially from
American Type Culture Collection (ATCC) (Manassas, VA,
USA). Both of the two cell lines were cultured in DMEM
(Hyclone, Thermo Fisher Scientific, Waltham, MA, USA)
supplemented with 10% FBS, (Hyclone, Thermo Fisher
Scientific), 100 U/mL penicillin G, and streptomycin
(Invitrogen, Thermo Fisher Scientific) in a 37°C incubator
with humidified atmosphere and 5% CO2.

Reagents and antibodies
Recombinant Hsp90α protein (rHsp90α) was purchased from
Abnova (P3387; Taipei, Taiwan). Anti-Hsp90α neutralizing
antibody (Hsp90α Ab, ADI-SPS-771-F) was purchased from
Enzo Life Sciences, New York, NY, USA.
Antibodies used for Western blotting were antiHsp90α rabbit monoclonal antibody, anti-MMP-2 rabbit
monoclonal antibody, anti-E-Cadherin rabbit monoclonal
antibody, anti-N-Cadherin rabbit monoclonal antibody, and
anti-β-actin rabbit monoclonal antibody (Cell Signaling
Technology, Beverly, MA, USA).

Cell migration and invasion assays
Cell migration assay was performed by transwell chambers
using 24-well plates with 8 µm pores (Corning Incorporated,
Corning, NY, USA). ECA109 and ECA9706 cells were starved
in the serum-free DMEM for 12 hours, 1×105 cells were seeded
in the upper chamber after being resuspended in serum-free
medium. The lower chambers were filled with DMEM plus
10% FBS, either rHsp90α (0 µg/mL, 5 µg/mL, 10 µg/mL),
or control IgG (10 µg/mL), Hsp90α Ab (5 µg/mL, 10 µg/mL)
was added in. After 12 hours of incubation at 37°C, the cells
that had migrated through the insert were fixed with 100%
methanol and stained with 0.1% crystal violet. Ten random
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fields for each membrane were counted. The experimental
procedures of invasion assay were similar to the migration
assay except that the membrane was coated with Matrigel
(Corning Incorporated), 2×105 cells were seeded in the upper
chamber and the time of incubation extended to 24 hours.

Protein extraction and Western blotting
ECA109 and ECA9706 cells were plated in 6 cm dishes.
When the cells grew to 80% confluence, the media were
replaced with fresh medium without FBS. The conditioned
media (CM) from serum-free cultures were collected and concentrated 10-fold through a Millipore Amicon Ultra-15 (30K)
column and analyzed for protein concentration. Cells treated
with rHsp90α (10 µg/mL), control IgG (10 µg/mL) or Hsp90α
Ab (10 µg/mL) were lysed with cold RIPA buffer. Total cell
lysate (TCL) were centrifuged at 12,000× g for 15 minutes
at 4°C, and total protein concentration was determined using
the BCA Protein Assay Kit (Beyotime, Shanghai, People’s
Republic of China). CM and cell extract samples were electrophoresed through 10% SDS polyacrylamide gels under
denaturing conditions and transferred to PVDF membranes
(EMD Millipore, Billerica, MA, USA). The membranes were
blocked in 5% non-fat milk that was dissolved with 1× TBST,
and incubated with corresponding primary antibodies at 4°C
overnight. Membranes were subsequently washed in 1× TBST
and were incubated with secondary antibodies for 1 hour at
room temperature. Specific antigen-antibody interactions
were detected with enhanced chemiluminescence.

Statistical analysis
Statistical Package for Social Sciences software (SPSS Version
22.0) was used for all statistical analysis. Categorical variables
were compared using chi-squared or Fisher’s exact tests, continuous variables were compared using independent sample
Student’s t-test. Logistic regression analysis was used to evaluate the association between clinical variables and LN status. For
the experiments related to cells, the data were shown as mean ±
SD and three individual experiments were performed in triplicate. Statistical significance was assessed by Student’s t-test for
two-group comparison. Significance was defined as P,0.05.

Results
Serum Hsp90α level before treatment
was positively correlated with ESCC
malignancy
LN metastasis is an important prognostic factor for patients
with ESCC. Therefore, the clinicians are paying more
and more attention to evaluating the status of LNs in

OncoTargets and Therapy 2019:12

Wang et al

ESCC patients. The preoperative serum Hsp90α levels of
ESCC patients were analyzed in the study. Levels above
the cut-off value (82.06 ng/mL) were defined as high, while
those below the value were defined as low. There were significant differences in T stage (P=0.021), N stage (P=0.011), and
clinical stage (P=0.016) between the two groups (Table 1).
The proportion of patients with positive LN metastasis
in high and low Hsp90α groups was 53.7% and 36.9%,
respectively. The low Hsp90α group tended to have earlier
T stage and N stage compared with high Hsp90α group.
By dividing the patients into LN negative group and
LN positive group, the relationship between LN status
and clinicopathological characteristics as well as serum
Hsp90α level was shown in Table 2. As shown in the table,
tumor length (P=0.012), T stage (P=0.004), and serum
Hsp90α level (P=0.021) were significantly different between
the two groups. The serum Hsp90α levels before treatment of
ESCC patients with positive LN metastasis were significantly
higher than that of LN negative group patients (Figure 1A).
Furthermore, by logistic regression analysis (Table 3), positive LN metastasis was significantly associated with T stage
(P=0.037, OR =0.859, 95% CI for OR =0.311–2.374) and
the preoperative serum Hsp90α level (P=0.027, OR =0.276,
95% CI for OR =0.091–0.833). Thus, ESCC patients with
advanced T stage and higher serum Hsp90α level were more
likely to have LN involvement. These results demonstrated
that high serum Hsp90α level before treatment was significantly correlated with positive LN metastasis in ESCC and
may serve as an independent predictor for ESCC LN status.

ESCC cells secreted Hsp90α and the
secreted Hsp90α could be functionally
blocked by Hsp90α Ab
Recent studies indicated that the secretion of Hsp90α was
elevated in malignant tumor cells.17 What is more, secreted
Hsp90α has been identified as a widespread regulator of cancer
cell motility, invasion, and metastasis.7 To confirm the function of eHsp90α in ESCC cell lines, the secretion of Hsp90α
from ECA109 and ECA9706 was examined first. Without any
stimulation, we found that both of the two cell lines secreted a
certain level of Hsp90α (Figure 1B), and the cytosolic Hsp90α
levels of the two cell lines were almost the same. The result
confirmed that Hsp90α was being secreted in ECA109 and
ECA9706 cells, therefore validating the utility of the two cell
models. Subsequently, the amount of Hsp90α in CM and TCL
from ECA109 and ECA9706 was analyzed when treated
with IgG control or Hsp90α Ab. As shown in Figure 1C,
the amount of Hsp90α in CM from the two cell lines was
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Table 1 Clinical characteristics of the ESCC patients according to baseline serum Hsp90α level
Clinical characteristics
Age (years)
#60
.60
Gender
Male
Female
Length (cm)
#5
.5
Location
Upper
Middle
Lower
Differentiation
High
Moderate
Poor
T stage
T1
T2
T3
T4
N stage
N0
N1
N2
N3
Clinical stage
I
II
III

Hsp90α ,82.06 ng/mL (n=111)

Hsp90α $82.06 ng/mL (n=82)

50
61

33
49

87
24

66
16

82
29

54
28

8
60
43

6
43
33

26
58
27

18
40
24

17
25
55
14

14
5
50
13

70
29
6
6

38
25
16
3

65
9
37

32
6
44

P-values
0.505

0.721

0.227

0.975

0.743

0.021

0.011

0.016

Abbreviation: ESCC, esophageal squamous cell carcinoma.

Table 2 Correlation between clinicopathological characteristics as well as serum Hsp90α level and lymph node status
Clinical characteristics
Age (years)
#60
.60
Gender
Male
Female
Length (cm)
#5
.5
Location
Upper
Middle
Lower
Differentiation
High
Moderate
Poor
T stage
T1
T2
T3
T4
Hsp90α level (ng/mL)
,82.06
$82.06

1122

Lymph node metastasis-free group (n=108)

Lymph node metastasis group (n=85)

51
57

32
53

81
27

72
13

84
24

52
33

11
57
40

3
46
36

29
53
26

15
45
25

25
20
52
11

6
10
53
16

70
38

41
44

0.182

0.099

0.012

0.196

0.298

0.004

0.021
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Figure 1 The serum Hsp90α level of ESCC patients and secretion of Hsp90α from ESCC cells.
Notes: (A) The serum Hsp90α level before treatment in positive LN group was much higher (P,0.05) than that of LN negative group. (B) ECA109 and ECA9706 were
plated in 6 cm dishes. The media were replaced with serum-free medium when cells grew to 80% confluence. After 8 hours, the CM were collected and concentrated 10-fold.
The amounts of Hsp90α in CM and TCL were analyzed by Western blotting. Coomassie blue staining as a loading control for CM and β-actin was used as loading control
for TCL. (C) Control IgG (10 µg/mL) or Hsp90α Ab (10 µg/mL) was added to the serum-free medium of ESCC cells. After 24 hours of treatment, the amount of Hsp90α in
CM and TCL was analyzed. Data shown as mean ± SD, **P,0.001.
Abbreviations: CM, conditioned media; Co.St, Coomassie blue staining; ESCC, esophageal squamous cell carcinoma; Hsp90α Ab, Hsp90α neutralizing antibody; LN, lymph
node; TCL, total cell lysate.

remarkably decreased (P,0.001). However, Hsp90α Ab
had little effect on the expression of intracellular Hsp90α.

rHsp90α promoted the migration and
invasion of ESCC cells and blockage of
secreted Hsp90α inhibited this function
Tumor cells have managed to constitutively secrete Hsp90α
during invasion and metastasis.18 In this study, transwell

migration and invasion assays were used to detect the
biological function of rHsp90α and Hsp90α Ab in ESCC
cells. We set two concentrations of rHsp90α and Hsp90α
Ab representatively. The numbers of migrated cells
(Figure 2A and B) and invaded cells (Figure 2C and D) treated
with rHsp90α (5 µg/mL or 10 µg/mL) were significantly
higher than those of the negative control (P,0.05, P,0.01).
Consequently, we used Hsp90α Ab to functionally block

Table 3 Multivariate analysis of the clinicopathological factors related to lymph node status
Variables
Age
Gender
Length (cm)
Location
Differentiation
T stage
Hsp90α level
Constant

B
-0.022
0.316
0.052
-0.354
-0.216
-0.152
-1.287
-0.556
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SE
0.025
0.443
0.078
0.375
0.416
0.519
0.564
1.859

Wals
0.768
0.510
0.444
0.892
0.270
0.086
5.214
0.089

P-values
0.381
0.475
0.505
0.345
0.603
0.037
0.027
0.765

OR
0.979
1.372
1.053
0.702
0.806
0.859
0.276
0.573

95% CI for OR
Lower

Upper

0.932
0.576
0.904
0.337
0.357
0.311
0.091

1.027
3.266
1.226
1.463
1.819
2.374
0.833
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Figure 2 rHsp90α promoted ESCC cell migration and invasion in vitro.
Notes: (A, C) Representative migrated cells and invaded cells stained by crystal violet. Left, blank control cells; middle, cells treated with 5 µg/mL rHsp90α; right, cells
treated with 10 µg/mL rHsp90α. Magnification: 100×. (B, D) Results from cell migration and invasion assays were shown in diagrams. The number of migrated cells and
invaded cells from the rHsp90α treated group was significantly higher than those of the negative control. Data shown as mean ± SD, *P,0.05, **P,0.01.
Abbreviations: ESCC, esophageal squamous cell carcinoma; rHsp90α, recombinant Hsp90α protein.

eHsp90α, and found that the numbers of migrated and
invaded cells of the Hsp90α Ab treated group were significantly smaller than IgG control group (Figure 3, P,0.01,
P,0.001). All the data demonstrated that eHsp90α promoted
migration and invasion in ESCC cell lines, and the blockage
of secreted Hsp90α can efficiently suppress this function.

eHsp90α stabilized MMP-2 and induced
molecular changes consistent with EMT
in ESCC cells
MMP-2 is one of the extracellular client proteins of eHsp90α.
Hsp90α secreted by tumor cells can interact with and facilitate
the activation of MMP-2, thus promoting tumor invasiveness.19
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We asked whether secreted Hsp90α could play the same role
in ESCC cells. To address this tissue, MMP-2 expression in
the CM of ECA109 and ECA9706 treated with 10 µg/mL
rHsp90α, control IgG or Hsp90α Ab was analyzed. As
expected, the amount of MMP-2 was increased upon treatment with rHsp90α. However, Hsp90α Ab reversed the
effect. The amount of MMP-2 in CM of the two ESCC cell
lines decreased (Figure 4A and B). Our results indicated
that the secretion of Hsp90α can stabilize MMP-2, which
subsequently promoted ESCC cells’ migration and invasion.
To our knowledge, EMT status can be assessed by monitoring molecular markers such as a loss of E-cadherin expression and increased expression of N-cadherin.20 E-cadherin
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Figure 3 Hsp90α Ab inhibited the migration and invasion of ESCC cells.
Notes: (A, C) Representative migrated cells and invaded cells stained by crystal violet. Left, cells treated with 10 µg/mL IgG; middle, cells treated with 5 µg/mL Hsp90α Ab;
right, cells treated with 10 µg/mL Hsp90α Ab. Magnification: 100×. (B, D) The results were shown in diagrams. The number of migrated cells and invaded cells of the Hsp90α
Ab treated group was significantly smaller than those of the negative control. Data shown as mean ± SD, *P,0.01, **P,0.001.
Abbreviations: ESCC, esophageal squamous cell carcinoma; Hsp90α Ab, Hsp90α neutralizing antibody.

acts as a gatekeeper in suppressing EMT events. Loss of
E-cadherin function is a fundamental feature associated
with early EMT events.21 To explore the expression of these
key proteins involved in EMT events, Western blotting was
performed on the extracts of ECA109 and ECA9706 cells,
following 24-hour exposure to either 10 µg/mL control IgG
or rHsp90α, or Hsp90α Ab. We found that treatment of
cells with rHsp90α induced reduction of E-cadherin and
increased the expression of N-cadherin compared to control
in both cell lines. Conversely, Hsp90α Ab caused an increase
in the expression of E-cadherin and decreased the level of
N-cadherin compared with control IgG treatment group
(Figure 4C and D). The results indicated that treatment of

OncoTargets and Therapy 2019:12

ECA109 and ECA9706 cells with rHsp90α consistently
elicited EMT-like events, thereby promoting the migration
and invasion of ESCC cells.

Discussion
Nowadays, the role of eHsp90α as a widespread regulator
of cancer cell motility, invasion, and metastasis has been
recognized. The results of our study demonstrated the potent
ability of eHsp90α as a reliable clinically relevant biomarker
to predict LN status in ESCC. Meanwhile, eHsp90α promoted migration and invasion in ESCC in vitro. All the data
indicate the potential of eHsp90α as a drug target to inhibit
ESCC progression, especially LN metastasis.
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Figure 4 The expressions of MMP-2 and EMT key proteins were analyzed by Western blotting.
Notes: (A, B) The expression of MMP-2 in CM was examined upon treatment with rHsp90α (10 µg/mL), control IgG (10 µg/mL) or Hsp90α Ab (10 µg/mL) of ECA109
and ECA9706 for 24 hours by Western blotting. Coomassie blue staining was used as a loading control for CM. (C, D) ECA109 and ECA9706 were stimulated by the same
treatment for 24 hours as that in (A) and (B). The expression of E-cadherin and N-cadherin in TCL was examined. Data shown as mean ± SD, *P,0.05, **P,0.01, ***P,0.001.
Abbreviations: CM, conditioned media; Co.St, Coomassie blue staining; rHsp90α, recombinant Hsp90α protein; EMT, epithelial-to-mesenchymal transition; Hsp90α Ab,
Hsp90α neutralizing antibody; TCL, total cell lysate.

The presence of LN metastasis is common and has a
critical impact on the prognosis of patients with ESCC.2 An
interesting feature of our study is the existence of a statistically significant (P=0.027) correlation between high serum
Hsp90α level and positive LN metastasis. The serum Hsp90α
levels before treatment of ESCC patients with positive
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LN metastasis were significantly higher (P=0.021) than
that of LN negative group. The finding is consistent with a
previous study, the serum Hsp90α levels in liver or breast
tumor patients with metastasis were much higher than that
of patients without metastasis.9 Thus the ESCC patients with
elevated serum Hsp90α level before treatment were more
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likely to have LN involvement. Of note, serum eHsp90α
levels were significantly higher in patients with tumor
burden, and positively correlated with tumor malignancy and
metastasis.9 Shi et al found that elevated serum Hsp90α levels
in lung cancer patients were significantly correlated with
more advanced disease stage as well as disease progression.22
In this report, we also found that serum Hsp90α level before
treatment was positively correlated with ESCC malignancy.
The results of these studies indicate that serum Hsp90α
level may be a useful diagnostic and prognostic biomarker
to assess disease status and predict outcome. Therefore,
eHsp90α may have potential as a clinical biomarker because
of its preferential secretion in cancer cells and the ability to
noninvasively assay eHsp90α levels performed on serum
derived from routine blood draws. To further determine the
value of eHsp90α in improving early cancer detection and
disease progression, testing the association of serum Hsp90α
level with clinicopathological characteristics in additional
cancer types including ESCC will be an important strategy.
Accumulating evidence indicates that eHsp90α plays
an important role in the regulation of tumor invasiveness
and metastasis, central processes associated with cancer
progression.19,23,24 The secretion of Hsp90α is essential for
its invasiveness function and blocking its secretion results
in significant inhibition of tumor metastasis.9 In the present
study, we confirmed that both ECA109 and ECA9706 cells
could secrete a certain level of Hsp90α, and the secretion
of Hsp90α was inhibited upon treatment with Hsp90α Ab.
Interestingly, the expression of intracellular Hsp90α had little
change. Therefore, the drugs that selectively target eHsp90α
would not interfere with the important intracellular functions
of Hsp90α. This selectivity may, in turn, enable treatment
regimens with reduced target-related toxicity. Moreover,
the migration and invasion of ECA109 and ECA9706 were
increased upon treatment with rHsp90α, while Hsp90α Ab
showed an obvious inhibitory effect. This is consistent with
the opinion that eHsp90α plays a critical role in activating
precursor proteins that contribute to cellular migration
and invasion.15 Accordingly, inhibition of eHsp90α could
simultaneously disrupt multiple signaling pathways that are
responsible for increasing tumor cell movement also making
eHsp90α an attractive target for drug therapy to limit ESCC
cells’ migration and invasion. Therefore, further investigation
can perhaps be extended to the design of delivery systems
providing eHsp90α-specific targeting and delivery.
Besides, eHsp90α is involved in the activation of
several proteases known to modify the extracellular matrix
(ECM).10,11,15 MMP-2 is a key protease involved in ECM
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degradation and is critical for cancer cells invading from
primary sites to adjacent tissues and could break down the
tissue barriers to invasion and metastasis.25 Here we showed
that eHsp90α promoted the migration and invasion of ESCC
cells along with increasing the expression of MMP-2. This
observation is consistent with a previous study which showed
that Hsp90α secreted by fibrosarcoma tumor cells could
promote tumor invasiveness by interacting with MMP-2
and then facilitated the maturation of MMP-2.19 Song et al
also revealed that eHsp90α stabilized MMP-2 and protected
it from degradation in vitro and in vivo. Noticeably, this
stabilization effect is isoform-specific.14 It is interesting
to hypothesize that eHsp90α could activate a series of
proteins. These proteins would act in concert to break down
and remodel the ECM and permit cancer cells to invade
its microenvironment. Therefore, eHsp90α inhibition may
provide an approach for the simultaneous targeting of these
proteins thereby significantly inhibiting ESCC progression.
It is well known that EMT correlates with increased metastatic potential and poor prognosis.26 Our data showed that
eHsp90 suppressed E-cadherin, while it increased the
mesenchymal protein N-cadherin. The molecular and
morphological changes are consistent with an EMT,27 thus
promoting ESCC cell migration, invasion, and metastasis.
Hance et al demonstrated that elevated eHsp90 expression was associated with an increased level of MMP-2
and initiated EMT events in prostate cancer.16 Meanwhile,
eHsp90 signaling also supports an EMT phenotype via ERK
signaling by inducing expression of EZH2 and reducing
expression of the epithelial marker E-cadherin.28 In light of
these reports, the ability of eHsp90α to impair E-cadherin
function and initiate EMT may have clinical utility in
blocking or delaying cancer progression. Although more
mechanistic details need to be explored, to some extent,
our data prove eHsp90α as a novel and potential factor of
ESCC cell EMT plasticity.

Conclusion
Our studies have shown that high serum Hsp90α level
before treatment was significantly correlated with positive
LN metastasis in ESCC patients. Meanwhile, eHsp90α
significantly promoted the migration and invasion of ESCC
cells in vitro, probably through stabilizing MMP-2 or initiating EMT events. Along with the discovery of additional
eHsp90α client proteins, more functions of eHsp90α will be
revealed. Therefore, inhibition of eHsp90α may have clinical
utility in preventing LN metastasis to improve ESCC control
and patient outcome.
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