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Abstract. Heat shock factor 1 (HSF1) is responsible for expres-  
sion of a large class of heat shock proteins that have been 
implicated in the malignant phenotype of human cancers. 
Little is known about the effect of a high level of HSF1 on the 
behavior of oral squamous cell carcinoma (OSCC). In this 
study, we assessed the value of HSF1 for predicting clinical 
outcomes in OSCC. Quantitative reverse transcriptase-poly-
merase chain reaction and Western blotting showed that the 
expressions of HSF1 mRNA and protein in OSCC-derived 
cell lines (HSC-2, HSC-3, HSC-4, Sa3, Ca9-22, KON and 
Ho-1-u-1) were elevated compared with those in human 
normal oral keratinocytes (P<0.05). Similar to in vitro data, 
HSF1 mRNA expression in primary OSCCs (n=50) was 
significantly greater than in normal counterparts (P<0.05). 
Since HSF1 was observed in the nucleus and cytoplasm by immu-  
nohistochemistry, we investigated the correlation between 
the HSF1 expression status at each subcellular location and 
the clinical behavior of OSCCs. Among the clinical classifica-
tions, higher nuclear HSF1 expression was closely related to 
tumor size and histopathologic types (P<0.05). These results 
showed for the first time that nuclear HSF1 expression may 
contribute to cancer progression and that HSF1 might be a 

potential diagnostic biomarker and a therapeutic target for 
OSCCs.

Introduction

Oral squamous cell carcinoma (OSCC) is a major cause of 
morbidity and mortality globally and accounts for 275,000 
new cases and >120,000 deaths annually (1). Many risk factors 
have been identified, including tobacco and alcohol use (2-4). 
However, some patients develop OSCC without risk factors, 
suggesting that host susceptibility plays an important role. 
Molecular changes in the number of oncogenes and tumor 
suppressor genes associated with the development of OSCC 
could be important clues for preventing this disease (3,5).

Heat shock factor 1 (HSF1) is an 82-kDa transcription 
factor that is strongly activated in response to heat shock and 
other forms of environmental and chemical stresses. HSF1 is 
responsible for expression of a large class of heat shock proteins 
(HSPs), such as HSP27, HSP70 and HSP90, which protect 
cells from damage as a result of cellular insults, heat shock 
and oxidative stress (6,7). Many types of tumors express high 
concentrations of HSPs, which are correlated with increases in 
HSF1 levels (8-11). Elevated levels of HSP expression contribute 
directly to tumorigenesis through inhibition of programmed 
cellular death in tumors (10,12), and thus protect cancer cells 
from chemotherapy and radiation therapy (9,13-17). HSF1 
exists as a monomeric protein in the cytoplasm. On heat induc-
tion, monomeric HSF1 undergoes trimerization and nuclear 
localization (18-20). Although the trimer can bind to DNA, its 
transcription activity appears to be enhanced by stress-induced 
serine phosphorylation (21).

Microarray technology has been helpful for analyzing 
changes in thousands of genes and identifying relevant patterns. 
We previously reported the gene expression profiling of 
OSCC for identifying cancer-related genes associated with oral 
carcinogenesis (22). Among the genes, HSF1 was found to be 
significantly up-regulated in OSCC. In the current study, HSF1 
was frequently overexpressed in OSCC-derived cell lines and 
primary OSCCs. Therefore, we suggested that HSF1 might be a 
diagnostic biomarker and potential therapeutic target for OSCCs.
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Materials and methods

OSCC-derived cell lines and tissue specimens. HSC-2, 
HSC-3, HSC-4, Ca9-22, KON and Ho-1-u-1 cell lines, derived 
from human OSCCs, were purchased from the Human 
Science Research Resources bank (Osaka, Japan). The Sa3 
cell line was kindly provided by Dr S. Fujita at Wakayama 
Medical University (Wakayama, Japan). Primary cultured 
human normal oral keratinocytes (HNOKs) were obtained 
from three healthy donors (23,24). All cells were grown in 
Dulbecco's modified Eagle's medium/F-12 HAM (Sigma-
Aldrich Co., St. Louis, MO) supplemented with 10% fetal 
bovine serum (Sigma) and 50 U/ml penicillin and strepto-
mycin (Sigma).

Tissue samples from 50 unrelated Japanese patients with 
primary OSCC who were treated at Chiba University Hospital 
were obtained during surgical resection. The resected tissues 
were divided into two parts; one was frozen immediately and 
stored at -80˚C until RNA isolation, and the second was fixed 
in 10% buffered formaldehyde solution for pathologic diag-
nosis and immunohistochemistry (IHC). The Department of 
Pathology, Chiba University Hospital conducted the histopath-
ologic analysis of the tissues according to the World Health 
Organization criteria. Clinicopathologic staging was deter-
mined by the TNM classification of the International Union 
against Cancer. All patients had OSCC that was histologically 
confirmed, and tumor samples were checked to ensure that 
tumor tissue was present in >90% of the specimen.

Preparation of cDNA. Total RNA was isolated using TRIzol 
reagent (Invitrogen, Carlsbad, CA) according to the manufac-
turer's instructions. cDNA was generated from 5 µg of total 
RNA using Ready-To-Go You-Prime First-Strand beads (GE 
Healthcare, buckinghamshire, UK) and oligo(dT) primer 
(Sigma Genosys, Ishikari, Japan), according to the manufac-
turer's instructions.

mRNA expression analysis. Real-time quantitative reverse 
transcriptase PCR (qRT-PCR) was performed to evaluate the 
expression levels of HSF1 genes in OSCC-derived cells and 
primary OSCCs. qRT-PCR was carried out with one method 
using a LightCycler FastStart DNA Master SYbR-Green 1 Kit 
(Roche Diagnostics GmbH, Mannheim, Germany). The 
following primers were used: HSF1, forward 5'-TGGCCATGA 
AGCATGAGAATGACA-3' and reverse 5'-AGCCACTG 
TCGTTCAGCATCA-3'. Amplified products were analyzed by 
3% agarose gel electrophoresis to ascertain size and purity. 
The PCR reactions using the LightCycler apparatus were 
performed in a final volume of 20 µl of a reaction mixture 
consisting of 2 µl of FirstStart DNA Master SYbR-Green I 
mix, 3 mM MgCl2, and l µM of the primers, according to the 
manufacturer's instructions. The reaction mixture was loaded 
into glass capillary tubes and subjected to an initial denatur-
ation at 95˚C for 10 min, followed by 45 rounds of amplification 
at 95˚C (10 sec) for denaturation, 62˚C (10 sec) for annealing, 
and 72˚C (10 sec) for extension, with a temperature slope of 
20˚C/sec. The transcript amounts for the target genes were 
estimated from the respective standard curves and normalized 
to the glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
(forward 5'-CATCTCTGCCCCCTCTGCTGA-3' and reverse 

5'-GGATGACCTTGCCCACAGCCT-3') transcript amount 
determined in corresponding samples. 

Protein extraction. The cells were washed twice with cold 
phosphate-buffered saline (PBS) and centrifuged briefly. The 
cell pellets were incubated at 4˚C for 30 min in a lysis buffer 
(7 M urea, 2 M thiourea, 4% w/v CHAPS, and 10 mM Tris 
pH 7.4) with proteinase inhibitor cocktail (Roche). The protein 
concentration was measured with the bCA protein assay kit 
(Thermo, Rockford, IL).

Western blot analysis. Protein extracts were electrophoresed 
on 4-12% bis-Tris gel, transferred to nitrocellulose membranes 
(Invitrogen), and blocked for 1 h at room temperature in 
blocking One (Nacalai Tesque, Kyoto, Japan). The membranes 
were washed three times with 0.1% Tween-20 in Tris-buffered 
saline and incubated with 2 µg/ml affinity-purified rabbit 
anti-human HSF1 monoclonal antibody (Thermo) overnight at 
4˚C. The membranes were washed again and incubated with a 
1:10,000 of goat anti-rabbit IgG (H+L) horseradish peroxidase 
conjugate (Promega, Madison, WI) as a secondary antibody 
for 2 h at room temperature. Finally, the membranes were 
detected using SuperSignal West Pico Chemiluminescent 
substrate (Thermo) and immunoblotting was visualized by 
exposing the membranes to ATTO Light-Capture II (ATTO, 
Tokyo, Japan). Signal intensities were quantitated using the CS 
Analyzer version 3.0 software (ATTO).

IHC. IHC of 4-µm sections of paraffin-embedded specimens 
was performed using rabbit anti-HSF1 monoclonal antibody 
(Thermo). Briefly, after deparaffinization and hydration, the 
endogenous peroxidase activity was quenched by 30-min 
incubation in a mixture of 0.3% hydrogen peroxide solution in 
100% methanol, after which the sections were blocked for 2 h 
at room temperature with 1.5% blocking serum (Santa Cruz 
biotechnology, Santa Cruz, CA) in PbS before reaction with 
anti-HSF1 antibody (1:100 dilution) at 4˚C in a moist chamber 
overnight. Upon incubation with the primary antibody, the 
specimens were washed three times in PbS and treated with 
Envision reagent (Dako, Carpinteria, CA) followed by color 
development in 3,3'-diaminobenzidine tetrahydrochloride 
(Dako). The slides then were lightly counterstained with 
hematoxylin, dehydrated with ethanol, cleaned with xylene, 
and mounted. Non-specific binding of an antibody to proteins 
other than the antigen sometimes occurred. To avoid non-
specific binding, an immunizing peptide blocking experiment 
was performed. As a negative control, triplicate sections were 
immunostained without exposure to primary antibodies, which 
confirmed the staining specificity. To quantify the state of 
HSF1 protein expression in subcellular fractionations (nucleus, 
nucleus plus cytoplasm and cytoplasm), we used IHC score 
systems described previously (22,24-33). Briefly, the stained 
cells were determined in at least five random fields at x400 
magnification in each section. The intensity of the HSF1 
immunoreaction in the cell was scored as follows: 1+, weak; 
2+, moderate; and 3+, intense. The cellular number and the 
staining intensity then were multiplied to produce an HSF1 
IHC score. Cases exceeding the highest IHC score for normal 
tissue in each fractionation (nucleus, 89.0; nucleus plus cyto-
plams, 108.0; cytoplasm, 109.0) were defined as HSF1-positive. 
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Two independent pathologists, both of whom were masked to 
the patients' clinical status, made these judgments.

Statistical analysis. The statistical significance of the HSF1 
expression levels was evaluated using the Mann-Whitney 
U test. P<0.05 was considered statistically significant. The 
data are expressed as the mean ± standard error of the mean 
(SEM). 

Results

Evaluation of HSF1 mRNA expression in OSCC-derived cell 
lines. To investigate mRNA expression of HSF1, we performed 
qRT-PCR analysis using six OSCC-derived cell lines (HSC-2, 
HSC-3, HSC-4, Sa3, Ca9-22, KON and Ho-1-u-1) and HNOKs. 
mRNA expression levels were normalized to GAPDH. HSF1 
mRNA was significantly up-regulated in all OSCC cell lines 
compared with the HNOKs (Fig. 1, *P<0.05). 

Evaluation of HSF1 protein expression in OSCC-derived cell 
lines. We performed Western blot analysis to investigate HSF1 
protein expression status in the OSCC-derived cell lines and 
the HNOKs (Fig. 2). The molecular weight of the HSF1 was 
82 kDa. A significant increase in HSF1 protein expression was 
observed in all OSCC cell lines compared with the HNOKs. 
Expression analysis indicated that both transcription and 
translation products of this molecule were highly expressed in 
OSCC-derived cell lines.

Evaluation of HSF1 mRNA expression in primary OSCCs. 
We measured the HSF1 mRNA expression levels in primary 
OSCCs and paired normal oral tissues from 50 patients. Similar 
to the data from the OSCC-derived cell lines, qRT-PCR analysis 
showed that HSF1 mRNA expression was up-regulated in 37 
(74%) of 50 primary OSCCs compared with the matched normal 
oral tissues (Fig. 3, P<0.05). The relative mRNA expression 
levels in the primary OSCCs and normal oral tissues ranged 
from 0.004 to 8.29 (median, 0.121) and 0.002-2.15 (median, 
0.054), respectively.

Evaluation of HSF1 protein expression in primary OSCCs. We 
then analyzed HSF1 protein expression by IHC. Representative 
IHC results for HSF1 protein in normal oral tissue and primary 
OSCCs are shown in Fig. 4A and b. A positive immunoreaction 
for HSF1 was detected in the nucleus and cytoplasm. Strong 
HSF1 immunoreactions were detected in OSCCs, whereas 
normal oral tissues showed negative immunostaining. The 
HSF1 IHC nuclei scores in OSCCs and normal oral tissues 
ranged from 12.0 to 258.0 (median, 102.0) and 2.0-89.0 
(median, 27.0), respectively. The nucleus plus cytoplasm 
scores in the OSCCs and normal oral tissues ranged from 
53.0 to 206.0 (median, 111.0) and 42.0-108.0 (median, 69.5), 
respectively. The cytoplasm scores in the OSCCs and normal 
oral tissues ranged from 56.0 to 208.0 (median, 104.25) and 
43.0-109.0 (median, 67.25), respectively. The HSF1 IHC scores 
in each fractionation of primary OSCCs were significantly 
greater than those in normal tissues (Fig. 4C, nucleus, P=0.018; 
Fig. 4D, nucleus plus cytoplasm, P=0.027; Fig. 4E, cytoplasm, 
P=0.048). The correlations between the clinicopathologic 
characteristics of the patients with OSCC and the status of 

Figure 1. Quantification of HSF1 mRNA levels in OSCC-derived cell lines 
by qRT-PCR analysis. To determine mRNA expression status of HSF1, we 
performed qRT-PCR analysis using seven OSCC-derived cell lines (HSC-2, 
HSC-3, HSC-4, Sa3, Ca9-22, KON and Ho-1-u-1) and HNOKs. Significant 
up-regulation of HSF1 mRNA is seen in the seven OSCC-derived cell lines 
compared with that in the HNOKs. Data are expressed as the means ± SEM 
of values from three assays (*P<0.05; Mann-Whitney U test). 

Figure 2. Western blot analysis of HSF1 protein in the OSCC-derived cell 
lines and HNOKs. To investigate protein expression status of HSF1, we per-
formed Western blot analysis using seven OSCC-derived cell lines (HSC-2, 
HSC-3, HSC-4, Sa3, Ca9-22, KON and Ho-1-u-1) and HNOKs. HSF1 pro-
tein expression is up-regulated in OSCC-derived cell lines compared with 
HNOKs. Densitometric HSF1 protein data are normalized to β-actin protein 
levels. The values are expressed as a percentage of the HNOKs.

Figure 3. Comparison of HSF1 mRNA expression levels between primary 
OSCCs and matched normal oral tissues. To investigate the HSF1 mRNA 
expression levels in primary OSCCs and paired normal oral tissues from 
50 patients, we performed qRT-PCR analysis. HSF1 mRNA expression is 
up-regulated in 37 (74%) of 50 primary OSCCs compared with the matched 
normal oral tissues (P<0.05; Mann-Whitney U test).
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HSF1 protein expression in the nucleus using the IHC scoring 
system are shown in Table I. Among the clinical classifica-
tions, HSF1-positive OSCCs were correlated with tumor size 
(P=0.039) and histopathologic types of OSCC (P=0.004). 

Discussion

Our previous microarray data (22) showed significant up-regu-
lation of HSF1 in OSCC-derived cell lines. The current data 
showed that HSF1 mRNA and protein were highly expressed 
in vitro and in vivo in OSCC. The 8q24 locus includes HSF1 as 
well as cancer-related genes, MYC proto-oncogene, PVT1 and 
PTK2 (34,35). The regional copy number of 8q24 increases in 
several cancer types, such as prostate, bladder and pancreas 
cancers (34-37). Therefore, genomic unbalance would be the 
reason for HSF1 overexpression in OSCC. The HSF1 protein 
expression levels in primary OSCCs were correlated with tumor 
size (Table I) (P<0.05), suggesting that HSF1 has an important 
role in OSCC development and progression. However, little is 
known about the relationship between HSF1 expression status 
and clinical classifications of OSCCs.

In the current study, significant up-regulation of HSF1 
mRNA was observed in seven OSCC-derived cell lines and 
primary OSCCs compared with the matched normal counter-
parts. These results were consistent with previous reports that 
aberrant expression of HSF1 and HSPs (HSP27, HSP70 and 
HSP90) has been observed in aggressively malignant human 
cancer tissues (7-9,17,38,39). Inactivation of HSF1 confers 
complex phenotypes, indicating that HSF1 has essential func-
tions for growth, development and acute response to stress 
(40). Furthermore, HSF1 knockdown showed up-regulation of 
p21 and led to arrest of cell cycle progression at the G1 phase 
in cancer cells (41). Thus, HSF1 plays a broader role not only 
in cellular signaling beyond its well-known roles in stress 
response but also in cellular growth. 

HSF1 is converted from an inactive monomer to a DNA 
binding trimer upon sensing stress. Active HSF1 trimer local-
izes to the nucleus, binds DNA and acts as a transactivator 
(38). Nuclear HSF1 directly activates transcription of HSPs 
(8-11). High progression of prostate cancer showed strong 
immunoreactivity of nuclear HSF1 compared with low-
progression tumors (8). We speculated that nuclear HSF1 

Figure 4. Evaluation of HSF1 protein expression in primary OSCCs. (A and b) Representative IHC results of HSF1 in normal oral tissue and primary OSCCs. (A) 
Normal oral tissue has no HSF1 protein expression. Original magnification, x100 and x400. Scale bars, 50 µm. (B) HSF1-positive cases of OSCC. Positive immu-
noreaction for HSF1 is detected in the nucleus and cytoplasm. Original magnification, x100 and x400. Scale bars, 50 µm. (C-E) State of HSF1 protein expression in 
subcellular fractionations of normal oral tissues and primary OSCCs by IHC score systems. The HSF1 IHC scores are calculated as follows: IHC score = 1X (number 
of weakly stained cells in the field) + 2X (number of moderately stained cells in the field) + 3X (number of intensely stained cells in the field). The HSF1 protein 
expression level in OSCCs is significantly (P<0.05) higher than in normal oral tissues (Mann-Whitney U test). (C) The HSF1 IHC scores of the nuclei in OSCCs 
and normal oral tissues ranged from 12.0 to 258.0 (median, 102.0) and 2.0-89.0 (median, 27.0), respectively. (D) The IHC scores of the nucleus plus cytoplasm in 
OSCCs and normal oral tissues ranged from 53.0 to 206.0 (median, 111.0) and 42.0-108.0 (median, 69.5), respectively. (E) The IHC scores of cytoplasm in OSCCs 
and normal oral tissues ranged from 56.0 to 208.0 (median, 104.25) and 43.0-109.0 (median, 67.25), respectively. 
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was correlated with clinical behavior of OSCCs rather than 
cytoplasmic HSF1. Consistent with our hypothesis, our data 
suggested that nuclear HSF1 has great potential to be a diag-
nostic and progression biomarker compared with cytoplasmic 
HSF1. 

because the prognosis of well-differentiated cancers is 
generally better than that of poorly differentiated cancers (42), 
many investigators have continued in their efforts to identify 
suitable biomarkers for the degree of differentiation of cancer. 
Interestingly, our data also showed that nuclear HSF1 was immu-
noreacted weakly in all poorly differentiated OSCC samples, 
whereas HSF1 protein expression in primary OSCCs was 
significantly higher than in normal oral tissues. These factors 
suggested that HSF1 might be a differentiation biomarker for 

OSCC. However, the current study included only six cases of 
poorly differentiated OSCC. Therefore, further studies with 
more clinical samples are needed to address in greater detail 
the status of HSF1 in oral progression and prognosis. 

In conclusion, our results indicated that HSF1 is overex-
pressed frequently in OSCC. These data suggested that HSF1 
plays an important role in OSCC progression. HSF1 expres-
sion is likely to be a biomarker of progression and a potential 
therapeutic target for development of anticancer drugs in 
primary OSCCs.

Acknowledgments

We thank Lynda C. Charters for editing this manuscript.

Table I. Correlation between nuclear HSF1 expression and clinical classification in OSCCs.

 Results of immunostaining
 n (%) 
 ––––––––––––––––––––––––––––
Clinical classification Total HSF1(-) HSF1(+) P-value

Age at surgery (years)
 <60 11   6   (55)   5 (45) 0.476
 60-70 12   5   (42)   7 (58) 
 >70 27   9   (33) 18 (67)
Gender
 Male 31 13   (42) 18 (58) 0.721
 Female 19   7   (37) 12 (63) 
T-primary tumor 
 T1   5   3   (60)   2 (40) 0.039a

 T2 20 12   (60)   8 (40)
 T3   9   2   (22)   7 (78)
 T4 16   3   (19) 13 (81) 
 T1+T2 25 15   (60) 10 (40) 0.015a

 T3+T4 25   5   (20) 20 (80)
N-regional lymph node
 N+ 32   7   (39) 11 (61) 0.904
 N- 18 13   (41) 19 (59) 
Stage
 Ⅰ   4   2   (50)   2 (50) 0.97
 Ⅱ 16   7   (44)   9 (56) 
 Ⅲ   5   1   (20)   4 (80) 
 Ⅳ 25 10   (40) 15 (60) 
Histopathological type
 Well differentiated 29   8   (28) 21 (72) 0.004a

 Moderately differentiated 15   6   (40)   9 (60) 
 Poorly differentiated   6   6 (100)   0   (0) 
Tumor site
 Gingiva 15   5   (33) 10 (67) 0.593
 Tongue 27 10   (37) 17 (63) 
 buccal mucosa   5   3   (60)   2 (40) 
 Oral floor   2   1   (50)   1 (50) 
 Soft palate   1   1 (100)   0   (0)

aP<0.05.
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