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Abstract. Heat shock protein 90 (HSP90), a molecular chap-
erone, has provoked great interest as a promising molecular target 
for cancer treatment, due to its involvement in regulating the 
conformation, stability and functions of key oncogenic proteins. 
At present, a variety of chemical compounds targeting HSP90 
have been developed and have shown convincing anti-neoplastic 
activity in various preclinical tumor models. The aim of our 
study was to evaluate the antitumor effects of a novel HSP90 
inhibitor, NVP-AUY922, in esophageal squamous cancer cells 
(ESCC). Four ESCC cell lines (TE-1, TE-4, TE-8, TE-10) were 
examined. NVP-AUY922 potently inhibited the proliferation of 
ESCC, particularly in PTEN-null TE-4 cells with a 2-3 times 
lower IC50 than the other three cell lines. Western blot analysis 
showed that PTEN-null TE-4 cells exhibited higher AKT and 
ERK activity, which contribute to cell proliferation and survival. 
NVP-AUY922 significantly suppressed the activity of AKT and 
ERK in TE-4 but not in PTEN-proficient TE-10 cells. Genetic 
modification experiments demonstrated that the sensitivity to 
NVP-AUY922 was decreased by exogenous transduction of 
PTEN in TE-4 and increased by silencing PTEN expression 
in intact PTEN-expressing TE-10, suggesting that the expres-
sion of PTEN may be associated with cell sensitivity in HSP90 
inhibition. Furthermore, the enhanced activity of AKT in PTEN-
silenced TE-10 was more easily suppressed by NVP-AUY922. 
Collectively, NVP-AUY922 exhibits a strong antiproliferative 
effect, revealing its potential as a novel therapeutic alternative to 
current ESCC treatment. The effect may be improved further by 
impeding PTEN expression.

Introduction

Heat shock protein 90 (HSP90) is a highly conserved molecular 
chaperone that participates in stabilizing and activating a wide 
range of proteins (referred to as HSP90 client proteins), many 
of which are involved in tumor progression via interaction with 
more than 20 co-chaperones which contribute to its recogni-
tion of client proteins and modulate its biochemical activities 
(1-3). More than 100 client proteins have been explored, among 
which certain kinases (such as ERBB2, BRAF, EGFR, CDK6, 
AKT) and steroid receptors (GR, PR, AR) are well known. 
In malignant cells, an increased expression of HSP90 results 
in the subversion of its essential chaperoning functions and 
protects mutated and overexpressed oncoproteins from 
degradation and thereby promotes cancer cell survival (4). In 
addition, compared with the latent, uncomplexed conformation 
of HSP90 from normal cells, the activated, multichaperone 
complexes of tumor HSP90 have a 100-fold higher binding 
affinity to 17-allylaminogeldanamycin (17-AAG), a first-in-
class HSP90 inhibitor currently in phase II/III clinical trials in 
adults (5,6). Oncology trials have demonstrated that blocking 
HSP90 function with inhibitors induces client protein degra-
dation and apoptosis, and inhibits cell proliferation and tumor 
growth as well as metastasis in various cancer cells and tumor 
xenografts (7-9). Clinical evaluation has also confirmed that 
HSP90 inhibitors have clinical activity, especially when 
combined with other tumor-specific inhibitors (10-14). 
Abundant pre-clinical and clinical data demonstrate that 
inhibiting HSP90 is a promising strategy for cancer treatment.

Esophageal squamous cell carcinoma (ESCC) is one of 
the most common cancers worldwide. More than half of all 
patients suffering from esophageal cancer are diagnosed with 
an advanced stage of tumor, with either unresectable tumors or 
radiographically visible metastases (15). Advances in surgical 
resection and neoadjuvant chemoradiatherapy have yet to 
overcome the very low overall survival of esophageal cancer 
patients (15,16). However, molecular targeted therapy is a new 
therapeutic strategy being put into clinical usage and offers 
the possibility of an improvement of the survival rate. It has 
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been shown that HSP90 is abundantly expressed in esopha-
geal cancer and the specific inhibition of HSP90 by 17-AAG 
inhibited cell proliferation and survival by impeding various 
cellular components involving proliferative and survival 
signaling pathways (17). Therefore, HSP90 may be an attrac-
tive molecular target in ESCC treatment.

NVP-AUY922 is a synthetic small-molecule inhibitor 
which antagonizes the function of HSP90 by blocking ATP 
binding and exhibits a potent antitumor effect in different 
types of cancer (18-20). Since studies regarding HSP90 and its 
inhibitors in ESCC, one of the most aggressive malignancies, 
are rare, in the present study we assessed the antiproliferative 
effect of NVP-AUY922 in ESCC (TE-1, TE-4, TE-8 and 
TE-10 cell lines). We further determined if its antiprolifera-
tive effect can be affected by the expression status of a certain 
growth-related molecule, such as the phosphatase and tensin 
homolog deleted on chromosome 10 (PTEN), a suppressor 
molecule of PI3K-AKT.

Materials and methods

Cell lines and culture conditions. Human esophageal squa-
mous cell carcinoma (ESCC) lines TE-1, TE-4, TE-8 and 
TE-10 were cultured in RPMI-1640 medium supplemented 
with 10% fetal bovine serum (FBS), 100 U/ml penicillin G 
sodium, 100 µg/ml streptomycin and maintained in a mono-
layer culture at 37˚C in humidified air with 5% CO2. Cellular 
morphology was observed through a microscope during 
culture and the experiments.

Reagents. NVP-AUY922 was synthesized and provided by 
Novartis Pharma AG (Basel, Switzerland) through a materials 
transfer agreement with Okayama University (Okayama, 
Japan). Stock solutions of the compound (10 mmol/l) were 
reconstituted with dimethyl sulphoxide (DMSO; Sigma-
Aldrich, St. Louis, MO, USA) and stored at -30˚C. Working 
solutions of NVP-AUY922 with a culture medium were 
prepared freshly before use. The final concentration of DMSO 
in all cultures was 0.0005%.

Trypan blue exclusion assay and IC50 calculation. TE-1, 
TE-4, TE-8 and TE-10 cells were seeded in 12-well plates at 
a density of 1x105/well for 24 h before drug treatment. The 
subconfluent cells were treated with different concentrations 
of NVP-AUY922 for 24 h. After treatment, cells were digested 
with trypsin, stained with trypan blue and counted manually 
with a hemacytometer. Dose-effect plots were created to 
calculate the IC50 of NVP-AUY922 for each cell line using 
CalcuSyn software (Biosoft).

Western blot analysis. ESCC cells were plated into 6-well plates 
at a density of 2.5x105/well for 24 h before drug treatment. The 
subconfluent cells were treated with different concentrations 
of NVP-AUY922 for 24 h. The culture medium was care-
fully removed, washed once in cold PBS, and an appropriate 
amount of Mammalian Protein Extraction Reagent (M-PER; 
Thermo Scientific, Rockford, IL, USA) was added to the plate. 
Cell lysate was collected after shaking gently for 5 min and 
centrifuged at 15,000 rpm at 4˚C for 20 min. The supernatant 
was transferred to a new tube for protein determination and 

western blot analysis. The concentration of protein lysates was 
measured with a Bicinchoninic acid (BCA) protein assay kit 
(Thermo Scientific). Equal amounts (20 µg) of protein lysate 
were electrophoresed under reducing conditions in 5-10% (w/v) 
SDS-polyacrylamide gels. Proteins were then transferred to 
Hybond polyvinylidene difluoride (PVDF) transfer membranes 
(GE Healthcare, Buckinghamshire, UK) and incubated with 
primary antibodies at 4˚C overnight, followed by incuba-
tion with peroxidase-linked secondary antibodies at room 
temperature for 1 h. SuperSignal West Pico chemiluminescent 
substrate (Thermo Scientific) and chemiluminescence film (GE 
Healthcare) were used for signal detection.

The antibodies used for western blot analysis were the 
following: PTEN (#9559), AKT (#2938), phospho-AKT 
(Ser473) (#4058), ERK1/2 (#9102) and phospho-ERK1/2 
(Thr202/Tyr204) (#9101) were purchased from Cell Signaling 
Technology, Inc. (Beverly, MA, USA). Actin (sc-69879) was 
obtained from Santa Cruz Biotechnology, Inc. (Santa Cruz, 
CA, USA). Peroxidase-conjugated secondary antibodies (goat 
anti-rabbit IgG and goat anti-mouse IgG) were obtained from 
Jackson ImmunoResearch Laboratories, Inc. (West Grove, PA, 
USA).

pcDNA3 GFP PTEN transfection and G418 selection. 
TE-4 cells with an antibiotic-free medium were seeded in 
a 60-mm dish for 24 h before transfection. Plasmid pcDNA 
GFP PTEN (Addgene, Cambridge, MA, USA) was mixed 
gently with Lipofectamine 2000 (Invitrogen, Carlsbad, CA, 
USA) and incubated for 20 min at room temperature. The 
medium was changed with a fresh antibiotic-containing 
medium after adding plasmid-Lipofectamine 2000 complexes 
for 6 h. To establish a stable GFP-PTEN expressing cell line, 
the transfected cells were placed at a 1:10 ratio into a fresh 
growth medium 24 h after transfection. The culture medium 
was changed with 300 μg/ml of G418-containing medium 
the following day. Cell growth was observed every 2-3 days 
and the medium changed with the selection drug every 3 
days. PTEN transduced TE-4 cells (TE-4/PTEN cells) were 
maintained with 300 μg/ml of G418-containing medium and 
used for NVP-AUY922 treatment. TE-4 cells were used as a 
control group.

Cell growth curve. TE-4 and TE-4/PTEN cells were seeded in a 
24-well plate at a density of 3x103/well. The number of cells was 
counted by trypan blue exclusion assay on Days 1, 3, 5 and 7.

siRNA transfection. TE-10  cells with an antibiotic-free 
medium were seeded in a 12-well plate at a density of 8x104/
well for 24 h before transfection. PTEN siRNA (Cell Signaling 
Technology, Inc.) or control siRNA were mixed gently with 
Lipofectamine  2000 and incubated for 20  min at room 
temperature. The medium was changed with a fresh antibiotic 
containing medium after adding siRNA-Lipofectamine 2000 
complexes for 6 h. The following day, PTEN siRNA trans-
fected TE-10 cells were applied to drug treatment. TE-10 cells 
that were transfected with Lipofectamine 2000 only (mock) or 
control siRNA were used as a control group.

Statistical analysis. The comparison of categorical experimental 
data was conducted by Student's t-test. Data are represented as 
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the mean ± SD. All P-values are two-sided. A P-value <0.05 
was considered to be statistically significant in all experiments.

Results 

NVP-AUY922 potently inhibits the proliferation of ESCC. To 
determine the antiproliferative effect of NVP-AUY922 against 
HSP90, all four esophageal squamous cancer cell lines (TE-1, 
TE-4, TE-8 and TE-10) were treated with different concentra-
tions (0, 10, 30 and 50 nmol/l) of NVP-AUY922 for 24 h and 
their sensitivity to NVP-AUY922 was assessed by trypan blue 
exclusion assay. The proliferation of esophageal cancer cells 
was inhibited by NVP-AUY922 in a dose-dependent fashion 
(Fig. 1). Among the four esophageal cancer cell lines, TE-4 
seemed to be the most sensitive to NVP-AUY922, especially 
at a concentration of 30 nmol/l. To quantitatively examine 
the effectiveness of NVP-AUY922 in inhibiting cell prolif-
eration, the half maximal inhibitory concentrations (IC50) 
were measured (Table I). The IC50 of TE-4 was 25.29 nmol/l 
and those of TE-1, TE-8 and TE-10 were 72.37, 52.85 and 
71.30 nmol/l, respectively, suggesting that the sensitivity of 
TE-4 to NVP-AUY922 is 2 to 3-fold higher than that of TE-1, 
TE-8 or TE-10. These results demonstrated that NVP-AUY922 
exhibits a potent anticancer effect on esophageal cancers, 
especially TE-4.

AKT and ERK activity is significantly suppressed by 
NVP-AUY922 in PTEN-null cells. To explore the molecular 
mechanism by which NVP-AUY922 exerts a higher antip-
roliferative effect on TE-4, we first detected the activities of 
AKT and ERK, two key signaling molecules in the phosphati-
dylinositide 3-kinase (PI3K)/AKT axis and the Ras/Raf/MEK/
extracellular signal-regulated kinase (ERK) axis, respectively, 
each of which plays an important role in cell proliferation, 

migration and metabolism (21,22) of esophageal cancer cells. 
TE-4 exhibited higher activity levels of AKT and ERK than 
TE-1, TE-8, or TE-10 under regular conditions (Fig. 2A). 
Besides regulation by upstream signaling molecules, AKT 
activity is also negatively regulated by PTEN via hydrolyzing 
the 3-phosphate on PIP3 to generate PIP2 (23). To clarify 
whether PTEN affects AKT activity in esophageal cancer, 
PTEN expression was observed by western blot analysis 
(Fig. 2B). The results showed that TE-1, TE-8 and TE-10 
expressed PTEN at different levels, whereas TE-4 completely 
lost the expression of PTEN, suggesting that the higher activity 
of AKT in TE-4 may be a result of the loss of PTEN.

We next sought to determine the effect of NVP-AUY922 on 
AKT, a client protein of HSP90, and ERK, a key downstream 
kinase of HSP90 client protein Raf. PTEN-null TE-4 and 
PTEN-proficient TE-10 were treated with different concen-
trations of NVP-AUY922 (0, 10, 30 and 50 nmol/l) for 24 h 
and p-AKT, AKT, p-ERK and ERK were assessed (Fig. 3). 
Although TE-4 exhibited a higher activity level of AKT and 
ERK, 50 nmol/l of NVP-AUY922 almost completely depleted 
the phosphorylation of both AKT and ERK in TE-4, but not in 
TE-10. The expression of AKT was also significantly inhibited 

Figure 1. Potent antiproliferative effect of NVP-AUY922 to esophageal 
squamous cells carcinoma. Cells were treated with indicated doses of 
NVP-AUY922 for 24 h and cell number was counted by trypan blue exclu-
sion assay. Cell viability refers to the percent of living cells. Error bars 
represent mean ± SD.

Figure 2. TE-4 cells exhibit higher activity of AKT and ERK, and lose PTEN 
expression. Subconfluent cells were cultured in RPMI-1640 medium for 
24 h and then lysed. Lysates were subjected to western blot analysis using 
antibodies against (A) p-AKT (Ser473), AKT, p-ERK1/2 (Thr202/Tyr204), 
ERK1/2, Actin and (B) PTEN.

Figure 3. NVP-AUY922 significantly inhibits p-AKT and p-ERK in TE-4 
but not in TE-10 cells. Subconfluent cells were treated with indicated doses of 
NVP-AUY922 for 24 h and then lysed. Lysates were subjected to western blot 
analysis using antibodies against p-AKT (Ser473), AKT, p-ERK1/2 (Thr202/
Tyr204), ERK1/2, PTEN and Actin.

Table I. IC50 of NVP-AUY922 in esophageal squamous cell 
carcinoma.

Cell line	 TE-1	 TE-4	 TE-8	 TE-10
IC50 (nM)	 72.37	 25.29	 52.85	 71.30



BAO et al:  ANTIPROLIFERATIVE EFFECT OF HSP90 INHIBITOR IS STRENGTHENED BY THE LOSS OF PTEN48

by NVP-AUY922 in a dose-dependent manner in TE-4. There 
was no effect on total ERK in TE-4 or TE-10. In addition, 
PTEN was not degraded by NVP-AUY922 in TE-10 (Fig. 3). 
These findings show that compared with PTEN-proficient 
cells, PTEN-null cells lose AKT and ERK activity more easily 
under NVP-AUY922 treatment.

The expression of PTEN may be associated with susceptibility 
to HSP90 inhibitors. Since PTEN-null TE-4 cells exhibited a 
higher sensitivity to NVP-AUY922, we hypothesized that the 
sensitivity of ESCC to NVP-AUY922 might be associated 

with the expression of PTEN. Two strategies were applied to 
confirm our hypothesis: one was the exogenous transduction of 
PTEN in PTEN-null TE-4 using the PTEN expression vector 
pcDNA3 GFP PTEN; the other was the silencing of PTEN 
expression in PTEN-proficient TE-10 using PTEN siRNA. 
PTEN-null TE-4 was exogenously transduced by pcDNA3 
GFP PTEN. After a certain amount of G418 selection, TE-4/
PTEN stably expressed the fusion protein GFP-PTEN (Fig. 4A). 
Although PTEN is a tumor suppression factor, the expression 
of PTEN in TE-4 did not affect cell proliferation (Fig. 4B). 
To determine cell sensitivity after the transduction of PTEN, 

Figure 4. PTEN transfection in TE-4 cells decreased cell's sensitivity to NVP-AUY922. (A) TE-4 cells were transfected with pcDNA3 GFP PTEN for 24 h. 
After G418 selection, TE-4/PTEN cells were cultured in RPMI-1640 medium with 300 µg/ml G418. Cell lysates were subjected to western blot analysis using 
antibodies against PTEN. (B) The growth of TE-4 and TE-4/PTEN cells was estimated by trypan blue exclusion assay at Days 1, 3, 5 and 7. Error bars represent 
mean ± SD. (C) TE-4 and TE-4/PTEN cells were treated with indicated doses of NVP-AUY922 for 24 h. Cell number was counted by trypan blue exclusion 
assay. Cell viability refers to the percent of living cells. Error bars represent mean ± SD. *P=0.001638, **P=0.029952.

Figure 5. PTEN siRNA transfection in TE-10 cells increased the cell sensitivity to NVP-AUY922 and decreased AKT activity. (A) TE-10 cells were trans-
fected with PTEN siRNA, negative control siRNA or Lipofectamine 2000 only (mock) for 48 h and then lysed. Lysates were subjected to western blot analysis 
using antibodies against PTEN. (B) TE-10 cells were transfected with PTEN siRNA, negative control siRNA or Lipofectamine 2000 only (mock) for 24 h and 
then treated with indicated doses of NVP-AUY922 for 24 h. Cell number was counted by trypan blue exclusion assay. Cell viability refers to the percent of 
living cells. Error bars represent mean ± SD. *P<0.005. (C) TE-10 cells were transfected with PTEN siRNA, negative control siRNA for 24 h and then treated 
with indicated doses of NVP-AUY922 for 24 h. Lysates were subjected to western blot analysis using indicated antibodies.
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TE-4/PTEN cells were treated with different concentrations 
of NVP-AUY922 (0, 10, 30 and 50 nmol/l) for 24 h and cell 
sensitivity was measured by trypan blue exclusion assay. As 
shown in Fig. 4C, the cell viability of TE-4/PTEN under 10, 30 
and 50 nmol/l NVP-AUY922 treatment was increased by 21.5, 
16.2 and 17.0%, respectively, suggesting that PTEN decreases 
cell sensitivity to NVP-AUY922.

PTEN silencing by siRNA in TE-10 cells significantly 
suppressed PTEN expression after transfection for 48  h 
(Fig.  5A). PTEN expression was not changed in the mock 
and control siRNA groups. To estimate cell sensitivity after 
PTEN silencing, PTEN-silenced TE-10  cells were treated 
with different concentrations of NVP-AUY922 (0, 10, 30 
and 50 nmol/l) for 24 h and cell sensitivity was measured by 
trypan blue exclusion assay (Fig. 5B). NVP-AUY922 treatment 
decreased the cell viability by a certain amount. After treatment 
with NVP-AUY922 at a concentration of 30 nmol/l, the viability 
of cells pretreated with TE-10/mock, TE-10/control and TE-10/
PTEN were 68.5, 70.0 and 48.1% respectively, suggesting that 
PTEN silencing decreased cell viability by >20%. These results 
support our hypothesis that the expression status of PTEN may 
affect the sensitivity to NVP-AUY922 in ESCC cells.

Our results have demonstrated that NVP-AUY922 has a 
greater tendency to decrease AKT and ERK activity in PTEN-
null cells (Fig. 3). To confirm the effect of NVP-AUY922 on 
AKT activity in PTEN-silencing cells, TE-10 cells that were 
pretreated with PTEN siRNA were treated with NVP-AUY922. 
AKT activity was increased by silencing PTEN in TE-10 cells 
(Fig. 5C). After drug treatment, p-AKT was reduced in PTEN-
silenced/p-AKT-enhanced TE-10 but not in the control group 
(Fig. 5C), confirming the possibility that AKT activity affects 
the sensitivity of PTEN-silenced cells to NVP-AUY922. 
Notably, p-ERK was not decreased by NVP-AUY922, regard-
less of PTEN silencing.

In summary, NVP-AUY922 has a potent inhibitory effect 
on cell proliferation in esophageal cancer cells and PTEN 
status can affect its antiproliferative effect most likely via the 
regulation of AKT activity.

Discussion

In this study we have demonstrated a promising antiprolifera-
tive effect of HSP90 inhibition by NVP-AUY922 in ESCC cell 
lines, particularly in PTEN-loss TE-4 cells. PTEN is a dual 
lipid and protein phosphatase and its lipid phosphatase activity 
negatively regulates cell survival and proliferation via inacti-
vating the PI3K/AKT signaling pathway (24,25). Monoallelic 
mutations or the complete loss of PTEN at the highest 
frequency were estimated in several primary and metastatic 
cancers (23). It has been reported that a decreased expression 
of nuclear PTEN is associated with disease advancement 
and thus may be a significant prognostic marker for patient 
suffering from ESCC (26). Most interestingly, a recent study 
has demonstrated that co-expression of HSP90 with phosphati-
dylinositol-3-kinase (PI3K)-p110α or the expression of HSP90 
along with PTEN loss predicts significantly worse relapse-
free survival (RFS), revealing strong prognostic significance 
in patients with invasive breast cancers (27). However, the 
relationship between HSP90 and PTEN expression in ESCC 
remains to be examined.

As demonstrated in other tumor types (glioblastoma, lung 
cancer and gastric cancer) (9,19,20), NVP-AUY922 treatment 
results in a degradation of AKT in TE-4 cells (Fig. 3). This 
may be because AKT as a client protein of HSP90 requires a 
functional HSP90/CDC37 complex to remain stable and drug 
treatment induces ubiquitination of AKT as well as targeting 
the proteasome, where it is degraded (28). Downregulation of 
the PI3 kinase pathway by HSP90 inhibition is partially caused 
by the degradation of total AKT expression and partially may 
be caused by the degradation of the upstream effectors of AKT 
(e.g. EGFR and HER2) (29,30). In addition, ERK, the crucial 
signaling transducer of the Ras/Raf/MAPK pathway, was also 
inactivated by NVP-AUY922. However, this inactivation is 
not due to the decline of protein expression, since HSP90 has 
no hand in ERK stability, but possibly due to the degradation 
of the upstream regulators of ERK, which require HSP90 
for stabilization and maturation. It was of great interest to us 
that the effect of NVP-AUY922 on AKT and ERK was not 
significant in TE-10 cells. A good explanation of the lower 
antiproliferative effect of NVP-AUY922 in TE-10 compared 
with TE-4 cells may be the difference between the expression 
status of PTEN in TE-4 and TE-10, where TE-4 loses PTEN 
while TE-10 expresses PTEN proficiently. Our results there-
fore suggested that NVP-AUY922 is more effective on AKT 
and ERK under PTEN-loss circumstances.

Cell sensitivity to NVP-AUY922 was decreased by the 
exogenous transduction of PTEN in PTEN-null TE-4 cells 
(Fig. 4C), while it was increased by the endogenous silencing 
of PTEN in PTEN-proficient TE-10 (Fig. 5B). These results 
are consistent with the assessment of sensitivity of TE-10 and 
TE-4 to NVP-AUY922, and demonstrated that the expression 
of PTEN is associated with HSP90 inhibition. This might be 
confusing because PTEN is a tumor suppressor protein and 
negatively regulates the PI3 kinase/AKT signaling pathway. 
The inactivation or loss of PTEN should induce the aberrant 
activation of AKT and thereby promote cell proliferation and 
tumorigenesis. Recent studies have reported that the loss of 
PTEN contributes to drug resistance, for example, gefitinib 
and erlotinib targeting EGFR in non-small cell lung cancer 
(NSCLC) and PLX4720 targeting BRAF in melanomas 
(31,32). In contrast to these studies, however, targeting 
HSP90 by its specific inhibitors in PTEN-null cancer cells 
has been demonstrated as a promising strategy. Eccles et al 
(18) described that NVP-AUY922 exhibited potent antitumor 
efficacy in PTEN-null human glioblastoma xenografts and 
in a prostate carcinoma xenograft model. NXD30001, a new 
HSP90 inhibitor, also significantly inhibited the growth of 
glioblastoma multiforme, in which the loss of PTEN drives 
the enhanced EGFR-PI3K-Akt axis (33). Furthermore, 
although the anticancer effect of HSP90 inhibitors are evalu-
ated in PTEN-null cancer cells, the role of PTEN expression 
in HSP90 inhibition was not determined previously. This 
was further evaluated by our study. We have confirmed that 
a decline in PTEN expression confers to HSP90 inhibition 
causing increased sensitivity in cancer cells, suggesting that 
HSP90 treatment with consideration of PTEN expression may 
be a novel potential therapeutic strategy for cancer treatment. 

The activity of AKT is elevated by PTEN-loss (Fig. 3) or 
PTEN silencing (Fig. 5C) and is susceptible to HSP90 inhibi-
tion. One possible explanation is that PTEN-deficient cancer 
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cells might be addicted to AKT and thus hypersensitive to AKT 
inhibition. NVP-AUY922, a specific inhibitor of HSP90, can 
significantly degrade AKT. Indeed, a recent study by Darido 
et al (34) indicated that PTEN is an important downstream 
effector of Grhl3 (Grainy headlike 3, a transcriptional factor 
essential for epidermal development) tumor suppression activity, 
and Grhl3/PTEN-deficient squamous cell carcinoma exhibited 
oncogene addiction to the PI3K/AKT signaling pathway. It will 
be enlightening to determine whether PTEN-downregulated 
or PTEN-loss ESCC cells display real oncogene addiction to 
AKT by using direct inhibitors of AKT.

In conclusion, we demonstrated that the novel HSP90 
inhibitor NVP-AUY922 exhibits a potent antitumor effect in 
ESCC. PTEN expression may affect HSP90 inhibition via the 
regulation of PI3K/AKT signaling, providing a novel thera-
peutic alternative for cancer treatment.
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