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Abstract. Heat shock protein  90 (HSP90) expression is 
upregulated in numerous types of cancer. However, its role as 
a candidate for molecular targeted therapy in oral squamous 
cell carcinoma (OSCC) cells is poorly understood. In the 
present study, a common upstream search was performed using 
molecular network analysis software for proteins with expres-
sion abnormalities that were found in a proteomic analysis of 
six OSCC cell lines. HSP90 was identified as a target protein. 
In clinical samples, high frequencies of HSP90‑high expres-
sion were detected via immunohistochemistry (26/58; 45%). 
Furthermore, the HSP90 expression status was associated 
with cervical lymph node metastasis (P=0.015). Furthermore, 
the potential of HSP90 as a candidate for molecular targeted 
therapy in OSCC cells was investigated using the HSP90 inhibi-
tors 17‑dimethylaminoethylamino‑17‑demethoxygeldanamycin 
(17‑DMAG) and ganetespib. KON cells, which strongly express 
HSP90, were treated with the HSP90 inhibitors. The numbers of 
living cells in the 17‑DMAG and ganetespib‑treated groups were 
lower than those in the non‑treated group. The cells treated with 
the inhibitors demonstrated reduced cell viability and migration, 
and this was associated with markedly decreased levels of the 
HSP90 target proteins EGFR, phospho‑EGFR, phospho‑MEK 
and phospho‑MAPK in the treated groups compared with the 
non‑treated group. To the best of our knowledge, this was the 
first study to investigate the effects of 17‑DMAG and ganetespib 
on OSCC cells. The present results indicated the potential of 
HSP90 as a useful candidate for molecular targeted therapy in 
OSCC. However, additional studies with larger sample sizes are 
required to confirm these findings.

Introduction

Oral cancer affects various parts of the oral cavity, such as the 
tongue, gingiva, floor of the mouth and buccal mucosa, and 
is the sixth most common malignant neoplasm worldwide (1). 
Oral squamous cell carcinoma (OSCC) is the most frequently 
occurring malignancy in the oral cavity  (1). Although 
significant advances in the development of comprehensive 
and multimodality therapies for OSCC have been achieved 
over the past few decades, the long‑term survival rates have 
remained relatively unchanged, particularly in patients with 
advanced lesions (2). Locoregional relapse and cervical lymph 
node metastasis are the most prevalent and significant factors 
that affect the prognosis of patients with OSCC (2). Although 
the initiation and progression of OSCC are closely associ-
ated with the activation of aberrant oncogenes, inactivation 
of tumor suppressors and other epigenetic abnormalities, the 
molecular carcinogenesis of OSCC has not yet been elucidated 
in detail, and this has hindered the development of potent 
and sensitive biomarkers, and therapeutic strategies  (3). 
Therefore, the underlying molecular mechanisms and novel 
therapeutic targets need to be identified in order to improve 
the prognosis of patients with OSCC. Tumor biomarkers that 
accurately reflect tumor cell characteristics or could be used as 
treatment targets have been the focus of continuing research. 
Two‑dimensional fluorescence difference gel electrophoresis 
(2D‑DIGE) has been employed for protein separation (4), and 
proteomic approaches have contributed to the identification 
of biomarkers in various types of cancer (5,6). However, they 
have not yet been extensively applied to oral cancer (7,8). In 
the present study, the protein expression profiles in normal 
epidermal keratinocytes and OSCC cell lines were examined 
using 2D‑DIGE and liquid chromatography tandem‑mass 
spectrometry (LC‑MS/MS). A common upstream search was 
performed for proteins with expression abnormalities in a 
proteomic analysis of OSCC cells. The results obtained identi-
fied heat shock protein 90 (HSP90) as a target that regulated 
the functional maintenance and stability of numerous client 
proteins, which serve important roles in OSCC cell prolifera-
tion and survival.

The molecular chaperone HSP90 is involved in regulating 
the maturation and functional stability of an extensive array 
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of cellular client proteins, an activity that is often exploited by 
cancer cells to confer an aberrant proliferative, survival and/or 
metastatic potential (9,10). The HSP90 machinery functions 
as a biochemical buffer for a number of oncogenic signaling 
proteins that have been causally implicated in various 
human tumors; mutant oncoproteins have been previously 
demonstrated to rely on the chaperone (11,12). The functional 
inhibition of HSP90 results in the simultaneous degradation of 
hundreds of client proteins, thereby providing a mechanism to 
concomitantly disrupt multiple oncogenic signaling cascades 
through a single molecular target (13). The pharmacological 
blockade of HSP90 has emerged as an innovative approach for 
the development of novel antineoplastic agents (13). Therefore, 
the potential of HSP90 as a candidate for molecular targeted 
therapy was investigated in OSCC cells treated with HSP90 
inhibitors in the present study. In addition, a functional analysis 
of the HSP90 protein was conducted using in vitro assays, and 
the relationships between the expression levels of this protein 
and clinicopathological factors, as well as the prognosis of 
patients, were assessed using immunohistochemistry (IHC).

Materials and methods

Cells. The OSCC KON, OSC‑20, HSC‑3, HSC‑4, SAS and 
Ca9‑22 cell lines were obtained from the Japanese Collection 
of Research Bioresources Cell Bank. The spontaneously trans-
formed immortal keratinocyte cell line, HaCaT (cat. no. 300493), 
was obtained from CLS Cell Lines Service GmbH. All cell 
lines were maintained at 37˚C in a humidified atmosphere of 
5% CO2/95% air. FBS was purchased from Sigma‑Aldrich; 
Merck  KGaA. The KON cells were cultured in DMEM 
(Sigma‑Aldrich; Merck KGaA) supplemented with 10% FBS 
and 50  U/ml penicillin and streptomycin (Sigma‑Aldrich; 
Merck KGaA). The OSC‑20 and SAS cells were cultured in 
DMEM/F‑12 medium (Sigma‑Aldrich; Merck KGaA) with 
10%  FBS and 50  U/ml penicillin and streptomycin. The 
HSC‑3, HSC‑4 and Ca9‑22 cells were cultured in minimum 
essential medium (Sigma‑Aldrich; Merck KGaA) supplemented 
with 10% FBS and 50 U/ml penicillin and streptomycin. The 
HaCaT cells, which were used as controls in the present study, 
were cultured in DMEM supplemented with 10% FBS and 
50 U/ml penicillin and streptomycin. The culture medium was 
changed twice a week for all cells. It has been reported that 
the Ca9‑22 cell line is contaminated with MSK‑922 cells (14). 
Therefore, short tandem repeat (STR) analysis was performed 
and it was confirmed that the cell line used in the present 
study was not contaminated. STR analysis was performed by 
a third party (Promega Corporation) using the PowerPlex 16 kit 
(Promega Corporation) which analyses 16 independent genetic 
sites specific for human DNA that include the 13 CODIS loci, 
plus PENTA E, PENTA D and amelogenin (15).

2D‑DIGE and image analysis. 2D‑DIGE was performed 
as described previously (16,17). In brief, a common internal 
control sample was created by mixing a small portion from all 
protein samples used in the present study, and this was then 
labeled using a Cy3 fluorescent dye (CyDye DIGE Fluor satu-
ration dye; GE Healthcare Bio‑Sciences). Individual samples 
were labeled with Cy5 fluorescent dye (CyDye DIGE Fluor 
saturation dye; GE Healthcare Bio‑Sciences). The protein 

samples were mixed together and separated using 2D‑DIGE 
based on their isoelectric points and molecular weights. 
First‑dimension separation was performed with an Immobiline 
DryStrip Gel (IPG; length, 24 cm; pH 3.0‑10.0; GE Healthcare 
Bio‑Sciences) and the Multiphor Electrophoresis System 
(GE Healthcare Bio‑Sciences). The second‑dimension sepa-
ration was performed using a homemade gradient gel with 
GiantGelRunner (separation distance, 36  cm; Everseiko 
Corporation). The gels were scanned using a laser scanner 
(Typhoon Trio; GE Healthcare Bio‑Sciences) at the appro-
priate wavelengths for Cy3 or Cy5 (Cy3: Excitation 532 nm, 
fluorescence 580 nm; Cy5: Excitation 633 nm, fluorescence 
670 nm). The gel images were analyzed automatically using 
the DeCyder‑BVA (biologic variation analysis) software 
(version 7.0; GE Healthcare Bio‑Sciences). The statistical 
significance of each expression level was calculated using 
Student's t‑test on the logged ratios.

Mass spectrometry analysis. Proteins (100 µg/lane) separated 
by 12%  SDS‑PAGE were visualized using SYPRO Ruby 
staining (Molecular Probes; Thermo Fisher Scientific, Inc.) at 
room temperature for 3 h. The peptide samples were excised 
from the gels and digested by trypsin using the In Gel Digest 
Kit (EMD Millipore) as described previously (18). Following 
the extraction of the peptides, the proteolytic peptide mixture 
was evaporated to ~5 ml, and 35 ml of 2% acetonitrile and 
0.1% trifluoroacetic acid were added to the mixture, which was 
then subjected to an autosampler (HTC PAL; CTC Analytics AG) 
for nanoscale capillary LC‑MS/MS analysis. A capillary 
LC system (Magic 2002; Bruker‑Michrom, Inc.) coupled to an 
in‑line nanoelectrospray mass spectrometer (LCQ Advantage; 
Thermo Fisher Scientific, Inc.) with a silica‑coated glass capil-
lary (PicoTip; New Objective, Inc.) was used. The analysis 
conditions were as follows: Ionization mode used, positive 
mode; column temperature, room temperature; flow rate, 
2.5 µl/min. The samples were loaded in 5% acetonitrile with 
0.1% formic acid. The gradient consisted of 6.4% acetonitrile 
for 5 min followed by 6.4 to 76.8% acetonitrile for 45 min. The 
spectra were collected as MS and MS/MS scans. The MS scan 
defined the ion composition at an m/z range of 450‑2,000, and 
the MS/MS scan acquired the mass spectrum of the parental 
ion upon collision‑induced dissociation. The collision‑induced 
dissociation spectra acquired were then analyzed by direct 
inspection using the Mascot software program (version 2.2.04; 
Matrix Science, Inc.) as described previously (19,20).

Hierarchical clustering and molecular network analyses. 
Hierarchical clustering analysis of protein expression data 
was performed using the Multi Experiment View cluster soft-
ware version 4.9.0 (21,22). A molecular network analysis was 
performed using the KeyMolnet® software version 5.8 (23), 
which encompasses the majority of relationships among 
human genes and proteins, molecules, diseases, pathways 
and drugs. This information is manually collected, carefully 
curated and regularly updated by expert biologists. The data-
base is categorized into core contents, which are collected 
from selected review articles with the highest reliability 
and secondary contents, which are extracted from abstracts 
in the PubMed (https://pubmed.ncbi.nlm.nih.gov/) and 
Human Protein Reference databases (https://www.hprd.org/). 
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KeyMolnet® provides information on the corresponding mole-
cules as a node on networks by importing microarray data, 
such as protein IDs and fold changes in individual probes. 
The ‘common upstream’ search algorithm aids in the extrac-
tion of the most relevant molecular network comprising genes 
that are coordinately regulated by putative common upstream 
transcription factors (23,24).

HSP90 inhibitors. In the in vitro experiments, 17‑dimethyl-
aminoethylamino‑17‑demethoxygeldanamycin (17‑DMAG; 
AdooQ Bioscience) and ganetespib (KareBay Biochem, Inc.) 
were dissolved in DMSO to a stock concentration of 1 mM 
and the same final concentrations (5, 10 and 15 µM) were 
used, as previously described (25,26). The stock solutions were 
stored at ‑20˚C. The inhibitors were diluted in culture medium 
prior to each in vitro experiment, and 0.01% DMSO in culture 
medium was used as the vehicle control.

Cell proliferation assay. KON cells that strongly expressed 
the HSP90 protein were plated in 96‑well plates (density, 
5x103  cells/well) in sextuplicate and incubated at 37˚C in 
a humidified 5% CO2 atmosphere. Following an overnight 
attachment period, the cells were exposed to 17‑DMAG (5, 
10 and 15 µM), ganetespib (5, 10 and 15 µM) or 0.01% DMSO 
(as control) at 37˚C. The number of viable cells was counted 
after 24, 48 and 72 h using the RealTime‑Glo MT Cell Viability 
Assay (Promega Corporation) and a GloMax 96 Microplate 
Luminometer (Promega Corporation) (27). All assays were 
performed with five technical replicates and each assay was 
repeated three times.

Cell invasion assay. The in  vitro invasion assay was 
performed using the CultreCoat 96‑well Basement Membrane 
Extract‑Coated Invasion Assay Kit (Trevigen, Inc.)  (28). 
The KON cells  (1x105) suspended in serum‑free culture 
medium were seeded on the upper surface of each insert 
chamber in triplicate. The lower part was filled with culture 
medium containing 10% FBS. The cells were exposed to 
17‑DMAG (5, 10 and 15 µM), ganetespib (5, 10 and 15 µM) 
or 0.01% DMSO at 37˚C for 48 h. Following incubation, the 
cells that had migrated to the other side of the membrane were 
detected using cell dissociation solution/calcein AM. The 
fluorescence was read using a 480/520 nm filter set.

Gap closure assay. KON cells were seeded on culture inserts 
(3.0x105 cells/insert; cat. no. 80206; Ibidi GmbH) in triplicate. 
When the cells reached confluency, the inserts were removed 
and a gap was created. After washing with PBS to remove the 
cell debris, the cells were exposed to 17‑DMAG (5, 10 and 
15 µM), ganetespib (5, 10 and 15 µM) or 0.01% DMSO, and 
incubated at 37˚C in a 5% CO2 humidified incubator to allow 
for gap closure. The FBS concentration used in this experi-
ment was 3% (29). The closure of the gap was imaged under 
a BZ‑X710 microscope (light microscope; magnification, x40; 
Keyence Corporation) immediately after adding fresh culture 
medium and at the indicated time points (6, 12, 18, 24 and 30 h 
later) (27,30). The area of the gap at each time point was calcu-
lated using the MRI Wound healing tool (http://dev.mri.cnrs.
fr/projects/imagej‑macros/wiki/Wound_Healing_Tool) in 
ImageJ software (ver. 1.50; National Institutes of Health).

Western blot analysis. Western blotting was performed as 
previously described (27,30). The KON cells were seeded on 
culture plates (10x10 mm2). At 60‑70% confluency, they were 
treated with 17‑DMAG (5, 10 and 15 µM), ganetespib (5, 10 and 
15 µM) or 0.01% DMSO for 48 h. Proteins were extracted using 
the Mammalian Protein Extraction Reagent (Thermo Fisher 
Scientific, Inc.) containing a protease inhibitor mixture 
(FUJIFILM Wako Pure Chemical Corporation), Phosphatase 
Inhibitor Cocktail  2 (Sigma‑Aldrich; Merck  KGaA) 
and Phosphatase Inhibitor Cocktail  3 (Sigma‑Aldrich; 
Merck KGaA) at a ratio of 1:100. The protein samples were 
fractionated by SDS‑PAGE and blotted onto polyvinylidene 
difluoride membranes (Merck KGaA). The membranes were 
blocked with 5% PhosphoBLOCKE powder (Cell Biolabs, 
Inc.) in Tris‑buffered saline and 1% Tween‑20, and probed 
using the following antibodies: EGF receptor rabbit mono-
clonal antibody (dilution, 1:1,000; cat. no. 4267; Cell Signaling 
Technology, Inc.), phospho‑EGF receptor rabbit monoclonal 
antibody (dilution, 1:1,000; cat.  no.  3777; Cell Signaling 
Technology, Inc.), MEK1/2 rabbit monoclonal antibody 
(dilution, 1:1,000; cat. no. 8727; Cell Signaling Technology, 
Inc.), phospho‑MEK1/2 rabbit monoclonal antibody (dilu-
tion, 1:1,000; cat.  no.  9154; Cell Signaling Technology, 
Inc.), p44/42 MAPK rabbit polyclonal antibody (dilution, 
1:1,000; cat.  no.  9102; Cell Signaling Technology, Inc.), 
phospho‑p44/42 MAPK rabbit monoclonal antibody (dilution, 
1:2,000; cat. no. 4370; Cell Signaling Technology, Inc.), heat 
shock protein 70 (HSP70) rabbit polyclonal antibody (dilution, 
1:1,000; cat. no. 4872; Cell Signaling Technology, Inc.), HSP90 
rabbit monoclonal antibody (dilution, 1:1,000; cat. no. 4877; 
Cell Signaling Technology, Inc.) and β‑actin mouse mono-
clonal antibody (dilution, 1:2,500; cat. no. ab6276; Abcam). 
Following overnight incubation with the primary antibodies 
at 4˚C, signals were detected using the relevant horseradish 
peroxidase‑conjugated anti‑mouse or anti‑rabbit IgG anti-
bodies (GE Healthcare) and the SuperSignal™ West Dura 
Extended Duration Substrate (Thermo Fisher Scientific, Inc.), 
according to the manufacturer's protocol. The levels of total 
and phosphorylated proteins were analyzed using the same 
protein sample. The experiments were performed in triplicate.

Tissue samples. Tumor tissues and patient‑matched normal 
oral tissues (near the resection margin) were obtained at the 
time of surgical resection from Tokyo Dental College Chiba 
Hospital (Chiba, Japan) according to a protocol approved by the 
Institutional Review Board of Tokyo Dental College (approval 
no. 709). The inclusion criteria were: i) Having an OSCC of 
the tongue, ii) available formalin‑fixed paraffin‑embedded 
tumor samples; and iii) existence of essential clinical records 
corresponding to the tumor. The exclusion criteria were: i) 
Lack of essential survival data; ii) lack of sufficient quantity 
of tumor tissue in the paraffin block; and iii) microinvasive 
carcinomas or carcinoma in situ. Written informed consent 
was obtained from all patients involved. The subjects included 
37 men and 21 women ranging in age between 30 and 86 years, 
with a mean age of 66 years, who underwent surgical excision 
between January 2009 and March 2014. The resected tissues 
were divided into two parts: One was frozen immediately and 
stored at ‑80˚C for further analyses and the other was fixed in 
10% buffered formaldehyde solution for pathological diagnosis. 
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Fixation was performed at room temperature for 24 h. The 
histopathological diagnosis of each tissue was performed 
according to the International Histological Classification of 
Tumors (31) at the Department of Pathology, Tokyo Dental 
College. Clinicopathological staging was conducted according 
to the TNM Classification of the International Union against 
Cancer (32).

IHC. IHC staining was performed as previously described (17,27). 
Paraffin‑embedded specimens (4‑µm‑thick) were subjected to 
IHC staining. Briefly, following deparaffinization and hydra-
tion, the slides were treated with 0.3% H2O2 for 30 min to 
block endogenous peroxidase. Subsequently, the sections were 
blocked at room temperature for 2 h with 1.5% blocking serum 
(Santa Cruz Biotechnology, Inc.) in PBS and treated with the 
anti‑HSP90 rabbit monoclonal antibody at a dilution of 1:1,000. 
The same primary antibodies were used for IHC and western 
blot analysis. Sections were incubated with the primary antibody 
in a moist chamber at room temperature for 30 min. Following 
incubation, the sections were washed three times in PBS and 
treated with Envision reagent (Dako; Agilent Technologies, 
Inc.), followed by color development in 3,3'‑diaminobenzidine 
tetrahydrochloride (Dako; Agilent Technologies, Inc.). The 
slides were then lightly counterstained with hematoxylin and 
mounted. Duplicate sections immunostained without exposure 
to the primary antibodies served as negative controls. A scoring 
method was used to quantitate the protein expression levels of 
HSP90, with the mean percentage of positive tumor cells being 
assessed in at least five random fields (magnification, x400) 
in each section. The intensity of the HSP90 immunoreaction 
was scored as follows: 1+, weak; 2+, moderate; and 3+, intense. 
The percentage of positive tumor cells and staining intensity 
were multiplied to produce an HSP90‑IHC staining score for 
each case (27,30). The IHC scores of the tumor tissues were 
compared with those of the healthy surrounding normal tissues 
obtained from the same patient. Cancer tissues with higher IHC 
scores than those of the adjacent normal tissues were desig-
nated as HSP90 high expression cases. The cases were scored 
by two independent specialists who were blinded to the clinical 
status of the patients.

Statistical analysis. The in vitro assay results were evaluated 
using Student's t‑test and ANOVA with Bonferroni's correc-
tion applied. Data are presented as the mean ± SD. All assays 
were repeated three times. Significant differences between 
HSP90‑IHC scores and clinicopathological features were 

assessed using the Mann‑Whitney U test and Fisher's exact 
test. The overall survival rate was calculated by Kaplan‑Meier 
analysis, and the log‑rank test was used for comparisons 
between groups. Statistical analyses were performed using 
EZR, ver.  1.42 (Saitama Medical Center, Jichi Medical 
University, Saitama, Japan), which is a graphical user inter-
face for R  (The R Foundation) and a modified version of 
R Commander that adds statistical functions frequently used in 
biostatistics (27,33). All P‑values were two‑sided, and P≤0.05 
was considered to indicate a statistically significant difference.

Results

Proteomic profiling by 2D‑DIGE. OSCC‑derived cell lines 
and HaCaT cells were subjected to protein extraction. From 
each proteome, ~3,000  protein spots were successfully 
identified (Fig.  1A). The expression levels of 49  proteins 
were significantly increased and those of 77 proteins were 
significantly decreased in the OSCC cells compared with in 
the HaCaT cells. LC‑MS/MS identified 92 types of proteins, 
except those with post‑translational modifications (Fig. 1B).

Hierarchical clustering and partition analyses of samples. 
Fig. 1B shows the results obtained in the clustering analysis. 
Samples with high expression levels are shown in green, and 
those with low expression levels in red. The columns indicate 
the samples, whereas the rows indicate the proteins. The 
dendrograms represent the distances between the clusters. 
To identify relationships between the molecular network 
of the OSCC cells and the canonical pathway, an ‘interrela-
tion’ network search was performed using the KeyMolnet® 
software. A common upstream search was performed using 
this software for proteins with expression abnormalities that 
were identified in the proteomic analysis of OSCC cells. In the 
extracted molecular network, the five pathways with the highest 
scores were the ‘HSP90 signaling pathway’ (score, 47.28), 
‘transcriptional regulation by HIF’ (score, 25.15), ‘Annexin 
signaling pathway’ (score, 14.32), ‘PI3K signaling pathway’ 
(score,  12.65) and ‘Spliceosome assembly’ (score,  12.13; 
Table I). The results obtained revealed HSP90 as a target which 
regulates the functional maintenance and stability of numerous 
client proteins that serve roles in OSCC cell proliferation and 
survival. A typical network including HSP90 (Table I; rank 1) 
is shown in Fig. 1C. HSP90 was listed as a candidate protein 
that frequently exhibited high expression levels in OSCC cell 
lines (Fig. 2A and B).

Table I. List of top 5 pathways contributing to the common upstream network identified by KeyMolnet.

Rank	 Name	 Score	 Score(p)	 Score(v)

1	 HSP90 signaling pathway	 47.28	 5.853x10‑15	 0.121
2	 Transcriptional regulation by HIF	 25.15	 2.683x10‑8	 0.053
3	 Annexin signaling pathway	 14.32	 4.870x10‑5	 0.030
4	 PI3K signaling pathway	 12.65	 1.550x10‑4	 0.038
5	 Spliceosome assembly	 12.13	 2.230x10‑4	 0.023

HIF, hypoxia‑inducible factor; HSP90, heat shock protein 90.
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17‑DMAG and ganetespib decrease cell viability and inva‑
sion in OSCC‑derived cell lines in vitro. The HSP90 inhibitors 
17‑DMAG and ganetespib were selected for in vitro valida-
tion as potential therapeutic target molecules for OSCC. 
HSP90 was more highly expressed in KON cells than in the 
other OSCC‑derived cell lines. Therefore, this cell line was 
examined in subsequent assays. The viability of cells treated 

with increasing concentrations of 17‑DMAG or ganetespib 
for 24, 48 and 72 h was assessed using the MT Cell Viability 
Assay. As shown in Fig. 3A, the viability of KON cells treated 
with 17‑DMAG or ganetespib was significantly reduced within 
24 h of treatment (P<0.05). To clarify the effects of 17‑DMAG 
or ganetespib on the invasive ability of the cells, the KON 
cell lines were treated with 17‑DMAG (5, 10 and 15 µM), 

Figure 1. Comparative analysis of OSCC‑derived cells (KON) and HaCaT cells using the 2D‑DIGE system. (A) Typical 2D‑DIGE gel image of OSCC‑derived 
cells and HaCaT cells. Protein lysates were labeled with Cy3 (green; HaCaT cells) or Cy5 (red; KON cells) and subjected to 2D‑DIGE. (B) Expression profile 
analysis of OSCC‑derived cells and HaCaT cells. Hierarchical cluster analysis of the expression profiles of 92 types of proteins. The most intense green blocks 
represent strongly upregulated proteins and the most intense red blocks show proteins with the greatest degree of downregulation. (C) Molecular network 
of OSCC‑related proteins. A common upstream search was performed using the KeyMolnet® software for proteins with expression abnormalities that were 
found in a proteomic analysis of OSCC cells. A typical network including HSP90 is shown. As a result of the proteomic analysis, a molecule in which an 
expression variation was observed is shown with a red background, and other molecules are shown with blue backgrounds. The molecules are linked with 
black arrows when the studies that provided the basis of linkage were review articles, and with gray arrows when the studies were original articles. 2D‑DIGE, 
two‑dimensional fluorescence difference gel electrophoresis; Ac. No., accession number; HSP90, heat shock protein 90; OSCC, oral squamous cell carcinoma.
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ganetespib (5, 10 and 15 µM) or 0.01% DMSO for 48 h. The 
results obtained revealed significantly lower invasion rates in 
treated cells compared with the untreated cells (Fig. 3B). The 
gap closure assay investigated gap closure in KON cells 30 h 
after the DMSO treatment. Additional cells were observed in 
the vicinity of the gap. By contrast, gap closure was slower 
in HSP90 inhibitor‑treated KON cells (Fig. 3C and D). This 
difference in gap closure was statistically significant at 18, 24 
and 30 h (P<0.05).

17‑DMAG and ganetespib alter the in vitro expression levels 
of HSP90‑related proteins in OSCC cells. In an attempt to 
clarify the in vitro effects of 17‑DMAG and ganetespib in the 
OSCC‑derived cell lines, the expression levels of HSP90 and 
its related proteins were assessed by western blot analysis. The 
cells were exposed to 17‑DMAG (5, 10 and 15 µM), ganetespib 
(5, 10 and 15 µM) or DMSO for 48 h, lysed and then subjected 
to western blotting using commercial antibodies. As shown 
in Fig. 4, the expression levels of HSP90, HSP70, MEK and 
MAPK were increased in the HSP90 inhibitor‑treated KON 
cells, whereas those of the HSP90 target proteins EGFR, 
phospho‑EGFR, phospho‑MEK and phospho‑MAPK were 
decreased in the 17‑DMAG‑ and ganetespib‑treated cells.

HSP90 protein expression in normal oral tissues and 
primary OSCCs. Twenty‑six out of the 58 OSCC samples 
subjected to IHC staining exhibited increased expression 
levels of HSP90. By contrast, normal tissues exhibited weak 
cytoplasmic immunoreactions for HSP90. Fig. 5A‑C shows 

representative results for HSP90 protein expression in normal 
oral tissue and primary OSCCs. A significant association 
between high HSP90 expression and regional lymph node 
metastasis was noted (Table  II). The protein expression 
levels of HSP90 in normal oral tissue and primary OSCC 
samples are shown in Fig.  5D. The HSP90‑IHC scores 
ranged between 2.89 and 165.98 (mean, 75.66), 31.37 and 
258.77 (mean, 104.39), 31.37 and 165.45 (mean, 79.53), and 
63.81 and 258.77 (mean, 146.54) in the normal tissues, OSCC 
samples, and the node‑negative (pN‑) and node‑positive (pN+) 
OSCC  samples, respectively. Significant differences in 
HSP90‑IHC scores between the normal oral tissues and OSCC 
samples were observed (P=0.005; Fig.  5D). Furthermore, 
the expression levels of HSP90 were significantly higher 
(P=0.015) in the pN+ OSCC samples compared with the 
pN‑ OSCC samples. The results of the Kaplan‑Meier analysis 
revealed that, based on the overall survival rates of 58 patients, 
high expression levels of HSP90 were not associated with poor 
outcomes (P=0.606; Fig. 5E).

Discussion

Proteome analysis, which is the study of protein complements 
in a cell, has the potential to accurately identify proteins that can 
be used as novel targets during therapeutic interventions and 
biomarkers for early cancer detection (34,35). The establish-
ment of effective cancer therapeutics based on the inhibition 
of a protein that regulates numerous signaling pathways and 
shows abnormalities in cancer cells is an attractive approach 

Figure 2. HSP90 expression in HaCaT and OSCC cell lines. (A) HSP90 electrophoretic patterns in each cell line. (B) HSP90 protein was more strongly 
expressed in most OSCC cell lines compared with in the HaCaT cells. HSP90, heat shock protein 90; OSCC, oral squamous cell carcinoma.
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for cancer therapy  (36). A common upstream search was 
performed using the protein nucleic acid database for proteins 
with expression abnormalities that were identified following a 
proteomic analysis of OSCC cells. HSP90 was identified as a 
potentially novel molecular marker and target, which regulates 
the functional maintenance and stability of numerous client 
proteins that are involved in the proliferation and survival 
of OSCC cells. Previous studies of proteomic analysis of 
OSCC tissues also reported abnormal protein expression levels 
of HSP90 (37,38). HSP90 has emerged as a novel therapeutic 
target that simultaneously regulates numerous oncogenic 
client proteins, which are the pathological hallmarks of malig-
nancy (39). HSP90 functions as a chaperone protein in the 
stabilization and conformational maturation of a large number 
of oncoproteins (11). HSP90 has been implicated in the patho-
genesis, poor prognosis and resistance to therapy of various 
types of cancer in humans (40,41). Furthermore, HSP90 target 
proteins are involved in most aspects of the oncogenic process, 
such as immortality, survival, anti‑apoptosis, genomic insta-
bility, neoangiogenesis and metastasis (42,43). In a previous 
study, blocking of ATP‑binding sites on the HSP90‑partner 
complex resulted in the dephosphorylation and/or proteasomal 
degradation of these target proteins, thus demonstrating a 

Figure 3. In vitro effects of 17‑DMAG and ganetespib on cell proliferation and migration in OSCC‑derived cell lines. (A) KON cells were treated with increasing 
concentrations of 17‑DMAG and ganetespib. Cell viability was assessed after 24, 48 and 72 h of treatment. Data are presented as the mean ± SD of at least three 
independent experiments in quintuplicate. *P<0.05. (B) Cell invasion was evaluated in KON cells treated with 17‑DMAG or ganetespib (5, 10 and 15 µM) for 48 h. 
DMSO‑treated KON cells were used as the control. Data are presented as the mean ± SD. *P<0.05 (t‑test and ANOVA with Bonferroni's correction). (C) Gap 
closure assay after treatment with the HSP90 inhibitor. After uniform gaps were created in confluent cultures of 17‑DMAG‑, ganetespib‑ and DMSO‑treated KON 
cells, the extent of closure was visually monitored. The gap was completely sealed after 30 h in the DMSO‑treated control cells, but remained open in the HSP90 
inhibitor‑treated cells. *P<0.05 vs. 0 µM (t‑test and ANOVA with Bonferroni's correction). (D) Widths of the gaps were measured at predefined positions and specific 
time points. Magnification, x40. The migration of HSP90 inhibitor‑treated cells was decreased compared with that of the control cells at 18, 24 and 30 h after the 
creation of the gaps. 17‑DMAG, 17‑dimethylaminoethylamino‑17‑demethoxygeldanamycin; HSP90, heat shock protein 90; OSCC, oral squamous cell carcinoma.

Figure 4. In  vitro effects of 17‑DMAG and ganetespib on HSP90 and 
HSP90‑associated protein expression in KON cells treated with various concen-
trations (5, 10 and 15 µM) of 17‑DMAG or ganetespib for 48 h. DMSO‑treated 
KON cells were used as the control. Western blot analysis was performed 
using antibodies against HSP90 and HSP90‑associated proteins. Protein 
loading was normalized using an antibody that recognized β‑actin. 17‑DMAG, 
17‑dimethylaminoethylamino‑17‑demethoxygeldanamycin; HSP70, heat 
shock protein 70; HSP90, heat shock protein 90; p, phosphorylated.

https://www.spandidos-publications.com/10.3892/or.2020.7873
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potent antitumor activity  (44). Among the various HSP90 
inhibitors currently available, geldanamycin (GA), a benzoqui-
none ansamycin compound, belongs to the originally identified 
benzoquinone class of compounds. GA derivatives, such 
as the less toxic 17‑allylamino‑17‑demethoxygeldanamycin 
(17‑AAG) and 17‑DMAG, have been developed. 17‑DMAG 
is water‑soluble and, therefore, orally available  (45,46). 
Furthermore, it has numerous advantages over 17‑AAG, such 
as less hepatotoxicity, high potency, less extensive metabo-
lism and a longer plasma half‑time (45,46). A phase I trial of 
17‑DMAG validated its clinical usefulness in various types of 
cancer, including acute myeloid leukemia (partial response), 
castration‑refractory prostate cancer (complete response), 
melanoma (partial response), renal cancer (stable disease) and 
chondrosarcoma (stable disease) (47). However, to the best of 
our knowledge, this was the first study to examine its effect in 
oral cancer.

Ganetespib (previously referred to as STA‑9090), a 
second‑generation HSP90 inhibitor, is cytotoxic in vitro and 
exhibits antitumor activity against a wide range of cancer 
types with promising safety profiles in vivo (48,49). Previous 
clinical trials have reported the promising effects of this agent 
against human breast and lung cancer (50,51). A few studies 
on HSP90 suppression using 17‑AAG in OSCC have been 
published (52,53). However, to the best of our knowledge, the 
anticancer effects of 17‑DMAG and ganetespib against OSCC 
have not yet been examined in detail.

Similar to previous findings obtained in other tumor cells 
treated with HSP90 inhibitors  (25,51), the present results 
demonstrated that cell viability and migration were reduced 
in OSCC cells treated with 17‑DMAG and ganetespib. These 
effects were associated with markedly decreased expres-
sion levels of target proteins of HSP90, including EGFR, 
phospho‑EGFR, phospho‑MEK and phospho‑MAPK. 
Furthermore, in concordance with the findings of other 
studies (54,55), a marked increase in the expression levels 
of HSP90 and HSP70 following 17‑DMAG and ganetespib 
treatment was observed in the present study, probably through 
the activation of the heat shock transcription factor 1 (HSF1), 
which is a master stress‑inducible regulator in the cytoplasm 
and the nucleus (56,57), or due to the disruption of the nuclear 
HSP90/multichaperone complexes that inhibit the activation 
of DNA‑bound HSF1 (58). The majority of the HSP90 inhibi-
tors activate HSF1 and induce survival factors, such as HSP70, 
indicating that HSF1 is one of the client proteins of HSP90. 
Normally, HSF1 binds to the chaperone complex, which 
consists of HSP90 and remains in an inactive state. In other 
words, HSP90 negatively regulates HSF1 activity. Therefore, 
when the function of HSP90 is suppressed by an inhibitor, HSF1 
is released and activated leading to the induction of several 
HSPs, thus making the cells stress‑resistant. This offsets the 
cytocidal effect of HSP90 inhibitors (56‑58). Additionally, the 
induction of HSP70 is an indicator of the presence of HSP90 
inhibitors  (56‑58). The induction of HSP70 by an HSP90 

Figure 5. Immunohistochemistry scores of HSP90 in normal and tumorous oral tissues. (A) Normal oral tissue expressed the HSP90 protein, which was limited 
to the cytoplasm of the epithelial cells. (B) A primary OSCC case with low HSP90 expression. (C) A primary OSCC case with high HSP90 expression. Original 
magnification, x400. (D) A significant difference was observed in HSP90 protein expression between the pN(‑) and pN(+) OSCC cases (P=0.015; Fisher's exact 
test). (E) Kaplan‑Meier survival analysis. No significant differences were noted in survival rates between the HSP90‑high and HSP90‑low expression groups 
(P=0.606). HSP90, heat shock protein 90; OSCC, oral squamous cell carcinoma; pN(‑), node‑negative; pN(+), node‑positive.
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inhibitor may enhance the antitumor effects when combined 
with other inhibitors, such as an HSP70 inhibitor, or radiation. 
Musha et al (59) previously examined the effects of 17‑AAG in 
combination with X‑rays or carbon ion beams on OSCC cells 
and reported that it exerted synergistic effects on cell lethality 
with X‑rays, but not with carbon ion beams. Further studies 
are required to investigate the synergistic effects of 17‑DMAG 
or ganetespib with X‑rays or carbon ion beams.

In the present study, the HSP90 expression status based on 
IHC scores in the clinical tissue samples obtained from primary 
OSCC and corresponding normal oral tissues revealed high 
frequencies of HSP90‑high cases. Furthermore, associations 
were noted between the HSP90 expression status and clinico-
pathological features. Although most primary OSCC samples 
with HSP90‑high expression presented with regional lymph 
node metastasis, tumors without metastatic lesions had low 
HSP90 expression levels (P=0.015). These results are consis-
tent with previous findings reported by Chang et al (60), which 
revealed high HSP90 protein expression in 36 OSCC cases, 

and an association between HSP90‑high expression cases 
and lymph node metastasis. However, unlike the findings 
of a previous study, which reported a lower survival rate in 
patients with high HSP90 expression levels (60,61), no such 
relationship was observed in the present study. The study by 
Chang et al (60) comprised only 36 cases, whereas the cases 
reported by Ono  et  al  (61) had an extremely poor 5‑year 
survival rate compared with those in the present study. These 
differences may have influenced the results of the present 
study.

One of the limitations of the present study was the small 
sample size, which may have affected the results. On the other 
hand, the in vitro analysis verified the effect of HSP90 inhibi-
tors on only one KON cell line that expressed HSP90 protein 
at the highest level. Analyzing the effects of HSP90 inhibitors 
on a number of other types of OSCC cell lines is a future chal-
lenge. Nonetheless, to the best of our knowledge, the present 
study was the first to demonstrate the effects of 17‑DMAG 
and ganetespib in OSCC. OSCC cells treated with 17‑DMAG 

Table II. Association between the expression levels of HSP90 and clinical classification in patients with oral squamous cell 
carcinoma (n=58).

	 HSP90 expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ----------------‑‑‑‑‑‑‑‑----------‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinical classification	 No. of patients (n=58)	 Low, n (%)	 High, n (%)	 P‑value

Age at surgery, years
  <60	 22	 14 (64)	   8 (36)	 0.67
  ≥60, <70	 18	   9 (50)	   9 (50)
  ≥70	 18	   9 (50)	   9 (50)
Sex
  Male	 37	 20 (54)	 17 (46)	 1
  Female	 21	 12 (57)	   9 (43)
T‑primary tumor
  T1	 16	   8 (50)	   8 (50)	 0.897
  T2	 20	 11 (55)	   9 (45)
  T3	   6	   3 (50)	   3 (50)
  T4	 16	 10 (63)	   6 (37)
N‑regional lymph node
  pN(+)	 21	   7 (33)	 14 (67)	 0.015
  pN(‑)	 37	 25 (68)	 12 (32)
Stage
  I	 16	   8 (50)	   8 (50)	 0.709
  II	 17	   8 (47)	   9 (53)
  III	   9	   6 (67)	   3 (33)
  IV	 16	 10 (63)	   6 (37)
  I, II	 33	 16 (48)	 17 (52)	 0.292
  III, IV	 25	 16 (64)	   9 (36)
Histological type
  Well differentiated	 46	 25 (54)	 21 (46)	 0.444
  Moderately differentiated	   7	   3 (43)	   4 (57)
  Poorly differentiated	   5	   4 (80)	   1 (20)

HSP90, heat shock protein 90; pN(‑), node‑negative; pN(+), node‑positive.
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and ganetespib exhibited reduced cell viability and migration, 
which were associated with markedly decreased expression 
levels of the HSP90 target proteins EGFR, phospho‑EGFR, 
phospho‑MEK and phospho‑MAPK. Therefore, the present 
results indicate the potential of HSP90 as a novel target for 
the early detection, prevention and treatment of oral cancer 
metastasis. It was speculated that the suppression of HSP90 
may prevent metastasis associated with oral carcinogenesis, 
while the upregulated expression levels of HSP90 in primary 
OSCC may promote invasiveness, motility and metastasis. 
Further studies with a large sample size will contribute to the 
development of strategies for the diagnosis, prevention and 
treatment of this neoplasm.
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