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Abstract
Background. Heat shock protein 27 (HSP‑27) is a member of the small‑molecular‑weight HSP family, 
the expression of which is increased when cells are exposed to elevated temperatures or any other kinds 
of stress; it seems that the cellular protective properties this protein demonstrates might also help cancer 
cells stay immortal. Family members of HSPs are either expressed continuously or controlled inductively, 
and are present in different subcellular structures.

Objectives. The aim of  this study was to investigate the prognostic value of HSP‑27 expression in the 
histological grades of oral squamous cell carcinoma (OSCC). 

Material and methods. In the present study, HSP‑27 expression was compared immunohistochemi‑
cally among 30 cases with OSCC (15 men and 15 women), ranging between 22 and 74 years of age (mean 
age: 48 years). The cases were divided into 3 groups (n = 10) according to the histological grade.

Results. While all grades expressed HSP‑27 in the cancerous epithelial cells, the intensity of expression 
rose gradually from grade 1 to grade 3 tumors (grade 1 < grade 2 < grade 3). The statistical analysis 
indicated significant differences between the 3 groups (p = 0.000).

Conclusions. This study has found that HSP‑27 may be used as a  marker for the histological grades 
of OSCC and that its expression may be an indicator of the biological behavior of the tumor.
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Introduction 
Heat shock proteins (HSPs) are conserved molecu‑

lar chaperones; they are ubiquitous and have several 
functions in cellular homeostasis, including the regu‑
lation of gene expression, the replication of DNA, the 
transduction of signals, differentiation, apoptosis, and 
cellular survival or immortalization. They also protect 
cells from various kinds of  stress, such as hypoxia, 
ischemia or rapid increases in temperature.1

Mammalian HSPs have been arranged into 6 families 
depending on their molecular size: HSP100, HSP90, 
HSP70, HSP60, HSP40, and small HSPs (15–30 kDa), 
including heat shock protein 27 (HSP‑27). Family 
members of HSPs are either expressed continuously or 
controlled inductively, and they are present in differ‑
ent subcellular structures.2

Heat shock protein 27 belongs to the family of small 
HSPs, which play essential roles in cells under physio‑
logical conditions and prevent cells from damage 
caused by stress. It is a  molecular chaperone helping 
cells remain stable under various stress conditions, 
such as heat shock, irradiation, oxidative stress, endo‑
plasmic reticulum (ER) stress, and chemotherapy for 
cancer patients.3

Head and neck cancer is one of  the most critical 
malignancies in the world; it is the 3rd most common 
cancer in developing countries,4,5 and squamous cell 
carcinoma has the highest mortality rate among head 
and neck cancers (54%). Therefore, a  huge number 
of  oncological studies have been done on this neo‑
plasm so far,4,5 with many advances being made in the 
field of cancer treatment. However, little improvement 
has been achieved.4,5

Tumor grading is related to how similar the cancer 
tissue is to the parent tissue, and to the ability of  the 
dysplastic squamous epithelial cells to product kera‑
tin. The biological behavior of the tumor relates to its 
histopathological grading.6 Additionally, several pro‑
teins are called markers and can predict the biological 
behavior of the tumor. Many studies have been done to 
assess these markers and their ability to initiate carci‑
nogenesis.7

The aim of  the present study was to investigate the 
prognostic value of HSP‑27 expression in the histolog‑
ical grades of oral squamous cell carcinoma (OSCC).

Material and methods
Approval to conduct the study was granted by the  

Ethics Committee at the University of Damascus in Syria 
(approval ref.: 1806/2018).

The sample population consisted of 10 formalin‑fixed, 
paraffin‑embedded blocks of squamous cell carcinoma in 
each grade (grades 1–3; a total of 15 men and 15 women 

at the age of  22–74 years and 10 blocks of  normal epi‑
thelium (biopsies taken from the mucosa that covers the 
bone before implantation – the para‑keratinized mucosa).

Sections were cut from the blocks, and used for both 
histological and immunohistochemical examination. 
Four sections were made and loaded onto slides. The 
sections were deparaffinized, washed in deionized water 
and subjected to antigen retrieval. A solution of approx. 
3% hydrogen peroxide was used to block endogenous 
peroxidase.

The standard streptavidin–biotin–peroxidase complex 
method was performed to bind the primary antibodies. 
The reaction products were visualized by treating them 
with 3,3΄‑diaminobenzidine (DAB) (Bio  SB, Inc., Santa 
Barbara, USA) solution diluted according to the manufac‑
turer’s instructions. The manufacturer’s data: Twenty mi‑
crometers of DAB chromogen were added to each 1 mL 
of poly‑detector DAB buffer. For the control samples, the 
serial sections were treated with all the previous reagents, 
but without the primary antibody; the samples were con‑
firmed to be unstained.

Heat shock protein 27 was assessed by counting the 
stained cells in 4 non‑overlapping microscopic fields 
(positive cells showed positivity for the antibody as brown 
color in the cytoplasm) and by assigning it a  score for  
color intensity (0 – no staining; 1 – mild and pale staining; 
2 – moderate staining; and 3 – intense staining).

The Kruskal–Wallis and Mann–Whitney tests were 
used in the statistical analysis. The χ2 test was conducted 
to determine whether there was a statistically significant 
difference between the groups: the χ2 number was 16.057 
with a p‑value of 0.000 (much smaller than 0.05). These 
results refer to the presence of a significant difference be‑
tween the groups.

Results
– Normal epithelium (n = 10):

The supra‑basal layers of normal epithelium expressed  
moderately positive staining in almost all 10 samples 
(Fig. 1).
– OSCC grade 1 (n = 10):

All cancerous cells showed positive expression for 
HSP‑27 in all 10 samples; the staining was mild and pale 
(Fig. 2).
– OSCC grade 2 (n = 10):

All cancerous cells showed positive expression for 
HSP‑27 and the samples were moderately stained with the 
HSP‑27 antibody (Fig. 3).
– OSCC grade 3 (n = 10):

All cancerous cells showed positive expression for 
HSP‑27, with intense staining in almost all of the samples 
(Fig. 4).
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Discussion
Head and neck squamous cell carcinoma (HNSCC) is 

considered the 6th most prevalent cancer in the world. 
Radiotherapy has been the primary treatment for pa‑
tients affected with this inoperable disease.8,9

In spite of  these huge improvements, the lowest 5‑year 
survival rate associated with HNSCC has remained the 
same, due to frequent recurrence after the initial therapy. 
Therefore, advanced therapeutic methods should be ap‑
plied to defeat resistance to anticancer therapy. One option 
suggests suppressing specific physiological proteins with 
antiapoptotic roles, such as HSP‑27. The overexpression 
of this protein has been detected in many cancers, including 
breast cancer,10,11 prostate cancer12,13 and gastric cancer.14,15

Heat shock protein 27 has also been found to be overex‑
pressed in HNSCC cases.5 In addition, HSP‑27 has been 
associated with the most serious behaviors of cancer cells 
– metastasis,16,17 short survival time10 and poorly differ‑
entiated cells.18 With its antiapoptotic property, HSP‑27 

Fig. 1. Moderate positivity for heat shock protein 27 (HSP-27) in the cytoplasm 
of nearly all epithelial cells in normal mucosa

Magnification ×400.

Fig. 2. Mild positivity for heat shock protein 27 (HSP-27) in the cytoplasm 
of all cancerous cells, grade 1 oral squamous cell carcinoma (OSCC)

Magnification ×400.

Fig. 3. Moderate positivity for heat shock protein 27 (HSP-27) in the cytoplasm 
of all cancerous cells, grade 2 oral squamous cell carcinoma (OSCC)

Magnification ×400.

Fig. 4. Intense staining for heat shock protein 27 (HSP-27) in the cytoplasm 
of nearly all cancerous cells, grade 3 oral squamous cell carcinoma (OSCC)

Magnification ×400.
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differentiated OSCCs (p  =  0.002). The analysis showed 
a clear correlation between the expression of HSP‑27 and 
the histopathological grade of OSCC (p = 0.000) (Table 1, 
Fig. 5). We attribute this to the major role of the protein 
as an anti‑apoptosis agent helping cancerous cells remain 
immortal.

causes the resistance of  cancer cells to chemoradiothe‑
rapy.19,20 Heat shock protein 27 plays a protective role for 
tumor cells against oxidative pressure with the unique 
ability of  glucose‑6‑phospate‑dehydrogenase to keep 
glutathione in its decreased form, and also with the acti‑
vity of an in vivo chaperone against oxidized proteins.21 
Therefore, decreasing the antioxidant protection of  tu‑
mor cells through HSP‑27 suppression should augment 
the benefit of  the cytotoxic competence of radiotherapy 
and enhance the clinical outcome.

Apart from that, HSP‑27 participates in the regulation 
of  Akt (serine/threonine kinase), which is an important 
indicator molecule for cell survival.22

Heat shock protein 27 plays an essential role in the 
chemoresistance of  the squamous cell carcinoma of  the 
tongue (SCCT) cells via its extracellular and intracellular 
signaling process. Heat shock protein 27 could serve as 
a useful biomarker and a precise therapeutic target in the 
treatment of SCCT.23

There has been a  particular increase in the amount 
of  HSP‑27 in multidrug‑resistant SCCT cells. Both 
HSP‑27 knockdown and anti‑HSP‑27 antibody treatment 
oppose chemoresistance. Inversely, the overexpression 
of HSP‑27 and recombinant human HSP‑27 treatment in‑
crease chemoresistance.

Furthermore, chemotherapy has been reported to have 
a significant effect on the HSP‑27 levels by inducing the 
protein  in SCCT cells and their culture medium as well 
as in the tumor tissues and serum of SCCT patients. For 
that, the overexpression of HSP‑27 can predict the poor 
outcome of SCCT patients receiving chemotherapy; spe‑
cifically, extracellular HSP‑27 binding with toll‑like recep‑
tor 5 (TLR5) and the activation of nuclear factor kappa 
B (NF‑κB) signaling keep cancer cells alive. Toll‑like re‑
ceptor 5 knockdown or the level of the restored inhibitor 
of  NF‑κB (IκBα) damage extracellular HSP‑27‑induced 
NF‑κB transactivation and chemoresistance. Addition‑
ally, the action of  intracellular HSP‑27 binding to BAX 
and BIM prevents their translocation to the mitochon‑
dria, and cytochrome C is subsequently released under 
chemotherapy, which causes the suppression of the mito‑
chondrial apoptotic pathway.23

Moreover, some studies have reported the overexpres‑
sion of  HSP‑27 in cancer stem cells. One group of  re‑
searchers showed the augmented expression and phos‑
phorylation of  the protein in breast cancer stem cells.11 
They revealed that HSP‑27 had to play a role in the epi‑
thelial–mesenchymal transition process to help with the 
maintenance of  cancer stem cells.11 Another study il‑
lustrated that lung cancer stem cells had elevated levels 
of  the activated type of  HSP‑27 due to superoxide and 
traditional chemotherapy treatment.24

The expression of HSP‑27 in well‑differentiated OSCCs 
was significantly lower than in moderately differentia‑
ted OSCCs (p  =  0.000), and in moderately differentia‑
ted OSCCs, the expression was lower than in poorly  

Fig. 5. Intense levels of heat shock protein 27 (HSP-27) 

Table 1. Binary comparison of the intensity of heat shock protein 27 (HSP-27) 
in the histological grades of oral squamous cell carcinoma (OSCC)

Sample 1 Sample 2 U-value p-value Differentiation

OSCC grade 1 OSCC grade 2 4.5 0.000 significant differences

OSCC grade 1 OSCC grade 3 1 0.000 significant differences

OSCC grade 2 OSCC grade 3 15 0.002 significant differences

These findings are in agreement with previous stu dies, 
e.g., by Lambot et al., who investigated HSP‑27 expres‑
sion in esophagitis, esophagus dysplasia, and the 3 grades 
of  esophagus squamous cell carcinoma in comparison 
with the normal epithelium of the esophagus.25 The study 
concluded that there was a clear relationship between high 
HSP‑27 expression and the atypia of cells.25 Also, a study 
by Mese et al., which was conducted on biopsies from 
both OSCC areas and metastasis areas in different parts 
of the body, reported results similar to ours, with a strong‑
er expression of  the protein for metastasis biopsies.26  
Muzio  et  al. conducted research with exactly opposite 
results.27 The correlation was between low‑grade OSCC 
and the intensity of  HSP‑27 expression. We relate this 
to the variation of  standards in the 2 studies, as they 
used biopsies taken from patients who had already gone 
through multiple types of treatment whereas our samples 
were taken and studied before any treatment.

Conclusions
This study has found that HSP‑27 can be used as 

a marker for the histological grades of OSCC and that its 
expression is a possible indicator of the biological beha‑
vior of the tumor.
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