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ABSTRACT
Introduction. Laryngeal squamous cell carcinoma (LSCC) is a common type of head and neck malignancy. Because of unsatis-
factory results of therapy, development of new strategies for LSCC treatment is needed. It is believed that heat shock protein 
70 (HSP70) is involved in pathogenesis of LSCC. Thus, targeting HSP70 seems to be promising strategy for laryngeal cancer 
treatment. 
Aim. The aim of the study was to assess the HSP70 concentration in laryngeal squamous cell carcinoma specimens and its cor-
relation with tumor volume and TNM staging. 
Material and methods. An ELISA method and a Bradford protein assay were used to evaluate the HSP70 concentration in pe-
ripheral blood cells, tumor tissue and lymph nodes from the patients suffering from LSCC. 
Results. We demonstrated that the HSP70 concentration is significantly different between examined compartments. The high-
est level was observed in peripheral blood, while the lowest was in the lymph nodes. The HSP70 expression was correlated to 
tumor volume. 
Conclusion. Our results showed varied expression of HSP70 in tissue from patients with LSCC, but there was no association be-
tween HSP70 concentration and TNM staging. Currently, application of HSP70 inhibition as a LSCC treatment could be rather 
associated with systemic blocking of this molecule than target inhibition in tumor tissue. However, further analysis on a larger 
group of patients is needed.
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The list of abbreviations:
CD – cluster of differentiation, DCs – dendritic cells, 
HSPs – heat shock proteins, HSP27 – heat shock protein 
27, HSP70 – heat shock protein 70, HSP72 – heat shock 
protein 72, HSP90α – heat shock protein 90α, HSP90β 
– heat shock protein 90β, LSCC – laryngeal squamous 
cell carcinoma, PBMC – peripheral blood mononuclear 
cells, SCC – squamous cell carcinoma

Introduction
Laryngeal squamous cell carcinoma (LSCC) is one of 
the most common types of head and neck malignant tu-
mors. The incidence of LSCC remains high, with high 
rates of metastasis and recurrence. Laryngeal cancer oc-
currence is related to age, most frequently affecting indi-
viduals in sixth or seventh decades of life. It affects male 
more often than females.1–3 There are several risk fac-
tors for laryngeal cancer; two of the major risk factors 
are tobacco smoking and alcohol consumption. Other 
risk factors for LSCC include occupational agents, such 
as asbestos, polycyclic aromatic hydrocarbons, solvents 
and dust. The role of other factors, like viral infections, 
genetics and environmental influence remains unclear.1 

LSCC treatment includes several methods, such as 
laryngectomy, radiotherapy and chemotherapy or com-
bination of these. Treatment modality is determined by 
tumor location and staging. However, despite of applica-
tion of different treatment methods, the 5-year survival 
rate in advanced LSCC is still unsatisfactory.1 Therefore, 
a search for new possibilities for laryngeal cancer ther-
apy is needed.

Resistance of tumor cells to therapy may be caused 
by overexpression of heat shock proteins (HSPs).4 Many 
previous studies are focused on the role of HSPs in car-
cinogenesis. Due to the fact that HSPs are able to inhibit 
apoptosis of cancer cells, the inhibition of HSPs activity 
is considered as a cancer treatment.5 

It was shown that different types of HSPs were over-
expressed in different types of tumors. Moreover, in-
creased expression of these proteins was associated with 
histological grade, recurrence and metastasis of malig-
nant tumors.6 Overexpression of heat shock protein 70 
(HSP70) was observed in LSCC among head and neck 
malignant tumors.7 However, the role of HSP70 in LSCC 
is not fully understood.

HSP70 as a molecular chaperone is involved in pro-
cess of folding of newly synthesized proteins, assembly 
of protein complexes and transmembrane transport of 
proteins. HSP70 enhanced the cell tolerance to effects of 
stress condition, such as increased concentration of un-
folded and denatured proteins.5 It has long been known 
that HSP70 is able to inhibit apoptosis and increase an 
oncogenic potential of tumor cells.5,8

Aim
The aim of the study was to determine the concentration 
of HSP70 in blood cells, tumor tissue and lymph nodes 
of patients suffered from laryngeal squamous cell car-
cinoma and to determine the correlation between ex-
pression of HSP70 and type of tissue, tumor volume and 
TNM staging. 

Material and methods
Peripheral vein blood samples, fragments of tumor and 
lymph nodes were obtained from 16 patients suffering 
from laryngeal squamous cell carcinoma who under-
went tumor resection in Department of Otolaryngolo-
gy and Laryngological Oncology, Medical University in 
Lublin. The material was collected from patients with 
tumor in Grade 2 or Grade 1 (only one case). The pa-
tient characteristics are summarized in Table 1.

Table 1. Characteristics of the patient group

Patient Tumor grade TNM staging
1 G-2 T2N3M0
2 G-2 T3N1M0
3 G-2 T3N2M0
4 G-2 T3N0M0
5 G-2 T3N0M0
6 G-2 T3N3M0
7 G-2 T3N0M0
8 G-1 T3N2M0
9 G-2 T3N1M0

10 G-2 T3N0M0
11 G-2 T3N0M0
12 G-2 T4N0M0
13 G-2 T4N2M0
14 G-2 T3N1M0
15 G-2 T4N2M0
16 G-2 T3N2M0

Peripheral blood mononuclear cells (PBMC) were 
isolated by gradient centrifugation using Gradisol  L 
(Aqua Medica, Poland). Cells were washed twice with 
phosphate buffer saline (PBS) w/o Mg2+ and Ca2+ (PAA 
Laboratories GmbH, Austria). Lymph node and tu-
mor tissue fragments were homogenized using tissue 
knives (Medicon, Dako, Denmark) and MediMachine 
whipper (Dako, Denmark). Cells were suspended in 
cryomedium containing 70% of RPMI  1640 (PAA, 
Austria), 20% of human albumin (Baxter, Austria) 
and 10% of dimethyl sulfoxide (DMSO) (ICN Polfa 
Rzeszów, Poland) and cryopreserved in liquid nitro-
gen vapor. Cells were thawed using CTL-Test Medium 
(C.T.L Ltd, USA) and supplemented with 10% of CTL-
Wash Supplement (C.T.L Ltd, USA) and after subse-
quent PBS wash they were suspended in 1 mL of PBS. 
Cells lysates were prepared by freezing cells in -80°C 
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and thawing in water bath at 37°C five times. Samples 
were centrifuged and the supernatant was collected.

Total protein concentration was determined by 
Bradford protein assay. The absorbance was measured 
using Spectrophotometer SmartSpecTM 3000 UV/VIS 
(Bio-Rad) at a wavelength of 595 nm. HSP70 expres-
sion was examined using commercial kit for Sandwich 
ELISA Human/Mouse/Rat Total HSP70 Immunoassay 
(R&D Systems, USA). The procedure was performed ac-
cording to the protocol. The plate was analyzed using a 
Multilabel Plate Reader Victor 3TM (Perkin-Elmer) at a 
wavelength of 450 nm. HSP70 concentration was stan-
dardized in reference to 1 mg of total protein.

Statistical analysis of the data was performed us-
ing Statistica 9.0 PL. Wilcoxon signed-rank test, Spear-
man’s rank correlation coefficient, median’s test for 
multiple group comparison and Friedman ANOVA test 
were used for the analysis. Data are presented as mean 
± standard deviation, median, minimum and maximum 
result. Results were considered as statistically significant 
at the significance level p < 0.05.

Results
The expression of HSP70 was determined using an ELI-
SA assay and then HSP70 concentration was standard-
ized in reference to 1 mg of total protein. The highest 
concentration of HSP70 was observed in PBMC, while 
the lowest concentration was observed in the lymph 
node cells (Table 2 and Figure 1). With the use of Fried-
man’s ANOVA test, we did not find any statistical-
ly significant differences between examined tissue (χ2 
ANOVA=2.8; p=0.25). The post-hoc Wilcoxon signed-
rank test showed statistically significant differences be-
tween HSP70 concentrations in PBMC and lymph node 
cells (p=0.050). There were no significant differences be-
tween HSP concentrations in other tissue (Figure 1). 

Statistical analysis of correlation between concen-
tration of HSP70 in different tissues and tumor volume 
was performed using Spearman’s rank correlation test. 
We observed statistically significant positive correla-
tion between HSP70 concentration in lymph node cells 

and tumor volume (R=0.826, p=0.011). Correlations be-
tween HSP70 concentrations in white blood cells and 
tumor cells were nonsignificant (Table 3). 

Fig. 1. HSP70 concentration [pg/ml] in PBMC, tumor tissue 
and lymph node’s cells (*p < 0.05, Wilcoxon signed-rank 
test)

Comparison between HSP70 concentration and 
TNM staging performed using the median’s test for mul-
tiple group comparison did not show any significant asso-
ciations. However, because the study group was relatively 
small, it can be assumed that a study performed on a larg-
er group of patients may reveal a different result.

Discussion
Heat shock proteins play a protective role in organ-
isms and support adaptation to extreme conditions. 
HSPs represent the evolutionary old defensive system 
in all living organisms. However, higher expression of 
HSPs occurs also in cancer tissue. Due to HSPs over-
expression and their possible role in cancer pathogene-
sis, inhibition of these proteins has been considered as a 
promising strategy in cancer treatment.9 

Table 2. The standardized HSP70 concentration in examined tissue 

Mean ± standard deviation 
[pg/ml]

Median
[pg/ml]

Minimum
[pg/ml]

Maximum
[pg/ml]

HSP70 PBMC 2535.37±816.23 2658.65 572.27 4017.23
HSP70 lymph node’s cells 1435.34±1246.28 1218.56 31.60 4107.66
HSP70 tumor’s cells 1822.09±1394.04 2088.43 121.64 3603.29

Table 3. Correlation between concentration of HSP70 in different tissue and tumor volume (*p < 0.05)

Pair of variables Spearman’s R p
HSP70 PBMC [pg/ml] & tumor volume [cm3] -0.195 0.523
HSP70 lymph node’s cells [pg/ml] & tumor volume [cm3] 0.826 0.011*
HSP70 tumor’s cells [pg/ml] & tumor volume [cm3] 0.226 0.559
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HSP70 has the most conservative structure among 
the heat shock protein family. It plays a pivotal role in 
protein folding process and maintenance of genome 
stability under stress conditions. Moreover, HSP70 in-
dicates cytoprotective features and it has capability to 
inhibit apoptosis. As a highly protective protein, HSP70 
may lead to survive of abnormal and defective cells.10,11 
Enhanced expression of HSP70 is observed in cancer 
cells as well. It is believed that its overexpression is re-
lated to carcinogenesis and cancer progression.11,12 Fur-
thermore, high expression of HSP70 in cancer tissue is 
also associated with metastasis and therapeutic resis-
tance, and consequently shorter patient survival prog-
nosis.11,13,14 

Several studies have shown that increased level of 
HSP70 expression was associated with a poor clini-
cal outcome and poor response to therapy in colorec-
tal cancer, breast cancer and head and neck squamous 
cell carcinoma (SCC).14–18 It has been suggested that in-
hibition or knockdown of HSP70 applied as a cancer 
treatment may contribute to tumor regression.11 Chen 
et al. demonstrated that viral proteins may suppress tu-
mor growth via interaction with HSP70. Overexpressed 
viral protein formed a complex with HSP70 causing 
inhibition of its activity, which consequently led to in-
hibition of cancer cell viability and induction of cancer 
cell death.12

In contrast, it has been demonstrated by Enomo-
to et al. and Gong et al. that HSP70 is able to induce 
antitumor immune response and prevent the tumor 
growth. They used HSP70 isolated from tumor-dendrit-
ic cell fusion to vaccinate mice and showed that HSP70 
stimulated dendritic cells (DCs) maturation and T cell 
proliferation. HSP70 induced T cell-mediated immune 
response. It significantly increased the proliferation of 
CD8+ lymphocytes and induced the effector and mem-
ory T cells.19,20 Similarly, a study performed by Chen et 
al. showed that HSP70 from tumor cells is involved in 
initiation of antitumor immunity by activation of DCs 
and monocytes/macrophages, and it is involved in en-
hancement presentation of tumor antigens to T lym-
phocyte. Moreover, they observed that stress conditions, 
such as hyperthermia, accelerated release of HSP70 by 
tumor cells and enhanced stimulation of antitumor im-
mune response.21 On the basis of these studies, it is be-
lieved that HSP70 and other HSPs may be a promising 
tool in the development of anticancer vaccines.

The expression of HSP70 in laryngeal cancer tissue 
has been studied previously. Xu X et al. evaluated the ex-
pression level of heat shock proteins (HSP90α, HSP90β, 
HSP70 and HSP27) in laryngeal carcinoma and normal 
laryngeal mucosa. They perceived fivefold overexpres-
sion of HSP90α and HSP70 in carcinoma tissue, sug-
gesting that HSP90α and HSP70 can be involved in the 
pathogenesis of laryngeal cancer.22 Yang et al. also ana-

lyzed expression of HSP70 in specimens of human la-
ryngeal squamous cell carcinoma and specimens of 
para-carcinoma. They observed increased expression 
of HSP70 in carcinoma tissue compared with para-car-
cinoma tissue, which was significantly correlated with 
the differentiation of LSCC.23 Xu J et al. showed that ex-
pression of HSP70 is correlated with histological grade 
of LSCC. Using immunohistochemistry methods, they 
observed HSP70 presence in 96% of samples of tumor 
tissue. The level of HSP70 expression was significantly 
lower in early stages of LSCC than in late stages.6

According to mentioned studies, the concentration 
of HSP70 was increased in LSCC tissue compared with 
samples of healthy tissue. Therefore, we can suppose 
that HSP70, such as HSP90 can be involved in patho-
genesis of laryngeal squamous cell carcinoma. 

Results obtained in our study revealed that the lev-
el of expression of HSP70 in patients with LSCC is var-
ious in different types of tissue. The highest expression 
of HSP70 was observed in white blood cells, while the 
lowest was observed in lymph node’s cells. Nevertheless, 
HSP70 expression did not show cancer tissue tropism, 
which would be desirable for potential application of 
HSP70 inhibition in cancer therapy. 

Additionally, in present study we surprisingly ob-
served a strong positive correlation between HSP70 
concentration in lymph node’s cells, which was the low-
est among examined compartments, and tumor vol-
ume. Because HSP70 is involved in delivery of antigens 
to antigen-presenting cells and therefore stimulate an 
adaptive response,24 the low concentration of HSP70 in 
lymph nodes draining tumor could be associated with 
decreased activation of tumor specific lymphocytes and 
subsequently increased tumor progression. On the oth-
er hand, we found a positive correlation between con-
centration of HSP70 in lymph nodes and tumor volume, 
what could be associated with its protective role and an-
ti-apoptotic functions, HSP70 can increase oncogenic 
potential of cells and it can contribute to tumor pro-
gression.5 The positive correlation between concentra-
tion of HSP70 in lymph nodes and tumor volume could 
be theoretically explained by the fact, that HSP70 is 
transferred from tumor to lymph nodes via lymph and 
represent higher concentration of protective HSP70 in 
malignant tissue.

Previous studies have demonstrated that HSP70 ex-
pression correlates with the clinical stage of oral SCC. 
Tavassol et al. observed that survival of patients with 
T2 tumors and positive expression of HSP70 was eight-
fold higher than in the case of patients with T2 tumors 
and the lack of expression of HSP70. However, the ex-
pression of HSP70 affects survival only in the early stag-
es of the disease. The level of expression of HSP70 had 
no prognostic significance for T3 and T4 tumors.25 Fur-
thermore, Taghavi et al. noticed a significant correlation 
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between expression of HSP70 and clinical stage, lymph 
node metastasis and tumor volume, whereas no associ-
ation with histological grade was found.26 In contrast, 
a study performed on esophageal SCC showed greater 
expression of HSP70 and HSP27 in tumor tissue, which 
was related to follow-up of patients. HSP70 and HSP27 
expression exhibited a significantly better prognosis. 
While there was no correlation with other clinical pa-
rameters such as gender, age, lymph node status and tu-
mor differentiation.27 In the present study, the analysis 
of the correlation between HSP70 concentration and 
TNM staging did not show any statistically significant 
associations. However, it is worth noting that the lim-
iting factor of the analysis was a small study group. For 
this reason we can suppose that a study conducted on 
a larger group of patients may reveal a different result.

Conclusions 
to summarize, in the present study we observed a strong 
positive correlation between HSP70 concentration in 
lymph node cells and tumor volume. The level of expres-
sion of HSP70 in different tissue from LSCC patients 
was varied, and did not show cancer tissue tropism. The 
HSP70 expression did not correlate with TNM staging, 
however, due to the fact that in our study group was 
only one case with T2 tumor, it can be assumed that 
the result of study performed on a larger group of pa-
tient would be different. Nevertheless, on the basis of 
current results, the application of HSP70 inhibition as a 
LSCC treatment could be rather associated with system-
ic blocking of this molecule than target inhibition in tu-
mor tissue. Moreover, previous studies have shown that 
the expression of HSP70 is higher in patients with LSCC 
compared to healthy ones. Because of that, it seems nec-
essary to compare results obtained in our study with the 
control group. Therefore, future studies should focus on 
the influence of other HSPs on LSCC.
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