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Background: Heat shock proteins (HSPs), a group of heat stress proteins, are characterized 
by highly conserved properties. Malignant transformation is a cellular stress, and the 
expression of HSPs may be affected during this process. Heat shock protein 105 (HSP105) 
is a protective protein that has long been observed in many cancer types, but little attention 
has been given to cutaneous squamous cell carcinoma (CSCC). As such, the objectives of 
this study were to observe the expression of HSP105 on CSCC and evaluate its correlation 
with clinicopathological characteristics.
Methods: This retrospective study enrolled 60 patients with CSCC. The patients’ clinical 
data, including sex, age, tumor location, tumor type, and degree of pathological differentia
tion, were collected. The expression of HSP105 was measured by Western blot and immu
nohistochemical staining.
Results: HSP105 expression was decreased in CSCC (HSCORE=0.65 (0.30, 1.98)) com
pared with normal skin (HSCORE=2.20 (1.50, 2.80)) (P<0.001). These results were con
sistent with the Western blot analysis. HSP105 immunostaining of Bowen disease 
(HSCORE=1.28 (1.08, 2.40)) revealed higher expression than in verrucous carcinoma 
(HSCORE=0.30 (0.23, 0.85)), keratoacanthoma (HSCORE=0.53 (0.29, 0.93)) and acantho
lytic squamous cell carcinoma (HSCORE=0.53 (0.41, 0.68) (P<0.01)). Poorly differentiated 
CSCC showed significantly higher expression of HSP105.
Conclusion: Our study reveals for the first time that the expression of HSP105 is decreased 
in CSCC. We suggest that the molecular mechanisms underlying the differential expression 
of HSP deserve a more rigorous future study, the results of which might explain its role in 
carcinogenesis and its potential as a target for selective tumor therapy.
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Introduction
The incidence of cutaneous squamous cell carcinoma (CSCC), one of the most 
common skin cancers, is second only to basal cell carcinoma (BCC). Although it is 
recognized that UV exposure is a preventable risk factor for CSCC, from 1992 to 
2012, the number of keratinocyte carcinomas, including CSCC and BCC, in the US 
population increased by 100%.1

Heat shock proteins (HSPs), major components of the cellular proteoprotection 
system, are involved in tumor cell proliferation and the prevention of apoptosis. 
HSPs are characterized by diverse intracellular localization and functional differ
entiation. When organisms are stimulated by external conditions, HSPs participate 
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in the folding, assembly and transportation of newly 
synthesized proteins and prevent denaturation or nonspe
cific aggregation of improperly folded proteins.2 HSP105, 
a member of the HSP110 family, is a mammalian stress 
protein with high molecular weight that is released in 
response to a variety of stress factors, such as infection, 
tumors, heat and ischemia.3,4

Previous research has shown that HSP105 is overex
pressed in a variety of human tumors.5 Nooshin et al 
showed the association between HSP27 and HSP105 and 
prognosis in tongue SCC, and HSP105 is a promising 
agent for cancer immunotherapy.6 Souzana et al studied 
the expression of HSP105 in oral SCCs, and their results 
suggested that the overexpression of HSP105 may be 
a prognostic factor for malignancy in oral SCC.7 

Muchemwa et al reported that tumors overexpressing 
HSP105 are ideal candidates for vaccination with 
HSP105-derived peptides or DNA.8 However, an associa
tion between the level of HSP105 expression and CSCC 
has thus far been lacking. We therefore aimed to study 
HSP105 expression in CSCC and evaluate its correlation 
with clinicopathological characteristics.

Materials and Methods
Ethics approval was granted by the First Affiliated 
Hospital of Chongqing Medical University & Ethics unit 
(No 2021-004). A retrospective review was conducted of 
patients seen at the First Affiliated Hospital of Chongqing 
Medical University, Chongqing, China, between 
January 2016 and October 2020. Patients were eligible to 
participate if they were diagnosed with CSCC. Clinical 
data were collected from medical records. The First 
Affiliated Hospital of Chongqing Medical University 
Ethics Committee approved the collection of pathological 
wax blocks and patient clinical information for medical 
research purposes. The patients’ written informed consent 
was given to present their clinical pictures with no identi
fiable information. Sixty specimens of CSCC were ana
lyzed. We divided the tumors by location into the exposed 
site (head, face, neck, V-neck, outer forearms and dorsum 
of the hand) group and the nonexposed site group.

Western Blot
Tissue samples for Western blot analysis were frozen in 
liquid nitrogen soon after excision and kept at −80°C. The 
specimens consisted of CSCC and normal skin; patients 
provided informed consent before surgery. The biopsy 
samples were lysed, and the cytoplasmic fractions were 

separated. The cytoplasmic fractions were dissolved in 
RIPA buffer supplemented with phosphatase inhibitor 
(Roche). Protein aliquots were loaded into each well of 
an SDS-PAGE gel for isolation. For better detection of 
protein expression levels, the proteins in the SDS-PAGE 
gel were transferred to a nitrocellulose membrane 
(Millipore) and the membrane was blocked in 5% (w/v) 
bovine serum albumin for 1 hour, followed by incubation 
with HSP105 antibody (Abcam HSP105/HSP110; item 
number 109624) overnight. The membranes were then 
rinsed and incubated with the secondary antibody for 
1 hour at room temperature. After rinsing the membranes 
thoroughly with PBST, signals were detected using an 
Odyssey fluorescence scanner (LI-COR Bioscience, Inc., 
Lincoln, NE, USA).

Immunohistochemistry
Paraffin sections (4 µm) were dewaxed by dipping in 
xylene for 10 minutes and were subsequently hydrated 
with different alcohol gradients. The sections were soaked 
in sodium citrate antigen repair solution, boiled for 20 
minutes at 100 °C, and then cooled to room temperature. 
To inhibit endogenous peroxidase reaction in the tissue, 
the tissue was treated with 3% hydrogen peroxide for 10 
minutes and then blocked with 3% BSA at room tempera
ture for 1 hour. These sections were placed in a wet room 
and incubated with HSP105 antibody (Abcam HSP105/ 
HSP110; item number 109624) at 4°C overnight. After 
several washes with PBST (Triton X-100 washing solu
tion), the secondary antibody was added and the sections 
were incubated at room temperature for 40 minutes. After 
washing three times, sections were treated with DAB 
visualization reagent, and nuclei were counterstained 
with hematoxylin. Finally, sections were subjected to alco
hol gradient dehydration, xylene transparency treatment, 
neutral resin sealing, and air-drying. We then observed the 
sections with a pathological scanner.

Evaluation of HSP105 Expression
For the immunohistochemical evaluation, the histochem
ical score (HSCORE) was used to evaluate the intensity 
and percentage of stained tumors by two senior skin 
pathologists. The HSCORE=∑Pi(i +1), i is the intensity 
of staining with a value of 0, 1, or 2 (0, no or light 
coloring; 1, medium-light brownish-yellow; 2, dark 
brownish-yellow), Pi is the percentage of stained tumor 
cells varying from 0% to 100% (0.0–100). HSCOREs 
ranged from a minimum of 0 in unstained cases to 
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a maximum of 3.0 in all cases with the highest intensity of 
tumor cell staining. Because of the abnormal distribution 
in our data, the median (M) and upper and lower quartiles 
(P25, P75) were used to describe the HSCORE.

Statistical Analysis
All statistical analyses were performed with SPSS soft
ware for Windows (Version 26.0). HSP105 expression was 
analyzed using the nonparametric Mann–Whitney and 
Kruskal–Wallis tests. P values were judged as significant 
if they were less than 0.05.

Results
General Data
A total of 60 patients with CSCC were identified. The 
general data are presented in Table 1. Out of all of the 
patients with CSCC, men (46.67%) were affected less 
commonly than women (53.33%). The average age was 
69.25 years old (range 39–97 years). There were 31 inva
sive CSCC cases with 14 well differentiated and 17 poorly 
differentiated cases. In addition, other variants included 
Bowen disease (8 cases), verrucous carcinoma (8 cases), 
keratoacanthoma (7 cases) and acantholytic squamous cell 
carcinoma (6 cases). The lesions of 33 patients with CSCC 
were located on nonexposed sites, while 27 patients had 
tumors located at exposed sites.

Expression of HSP105 in CSCC and 
Normal Epidermis
The positive expression of HSP105 in both the epider
mis of normal skin and the CSCC is located in the 
cytoplasm and visualized as light yellow to brown, and 
the positive cells are dotted, focal or diffusely distrib
uted. HSP105 was highly expressed in the spiny cells of 
the normal epidermis but not in the basal cells, while 
the pattern of expression of HSP105 in CSCC tissues 
was opposite of that in the normal epidermis, with weak 
expression in the spiny cells and positive expression in 
the basal cells. Differences in the expression of HSP105 
between the normal epidermis (HSCORE=2.20 (1.50, 
2.80)) and CSCC (HSCORE=0.65 (0.30, 1.98)) were 
remarkable (P<0.001) (Figure 1). The results were con
sistent with those obtained by Western blot analysis, 
which revealed lower HSP105 expression in CSCC 
(P<0.05) (Figure 2).

The Relationship Between HSP105 and 
the Clinical Features
The correlations between HSP105 immunostaining and 
tumor clinicopathological features (tumor location, 
degrees of differentiation, clinical variants, Breslow thick
ness) are summarized in Table 2. In different clinical 

Table 1 Clinicopathological Features of CSCC

Variables Total Gender Age

Male Female Mean Median Range

Differentiation
Well differentiated 14 5 9 67.5y 62.5y 45~89y

Poorly differentiated 17 7 10 60.8y 58.5y 50~87y

Variants
Invasive CSCC 31 12 19 60.3y 61.5y 45~89y

Bowen disease 8 3 5 67.8y 68.5y 59~77y
Verrucous carcinoma 8 4 4 65.7y 67.6y 42~88y

Keratoacanthoma 7 5 2 63y 63y 38~85y

ASCC 6 2 4 72.1y 71.5y 64~86y

Sites
Exposure sites 27 15 12 67.8y 69y 39~81y
Non-exposure sites 33 13 20 73.6y 74y 44~97y

Breslow thickness
Grade I(<3mm) 12 5 7 62.5y 60y 48~89y

Grade II(3~6mm) 33 14 19 72.2y 77y 47~86y

Grade III(>6mm) 15 9 6 69.8y 73y 41~92y

Abbreviations: CSCC, cutaneous squamous cell carcinoma; ASCC, acantholytic squamous cell carcinoma.
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variants, HSP105 immunostaining of Bowen disease 
(squamous cell carcinoma in situ) (HSCORE=1.28 (1.08, 
2.40)) was higher than that of verrucous carcinoma 
(HSCORE=0.30 (0.23, 0.85)), keratoacanthoma 
(HSCORE=0.53 (0.29, 0.93)) and acantholytic squamous 
cell carcinoma (ASCC) (HSCORE=0.53 (0.41, 0.68)) 

(P<0.01) (Figure 3). However, there was no significant 
difference between verrucous carcinoma, keratoacanthoma 
and ASCC in this study. Although the expression of 
HSP105 was higher in lesions of exposed sites (especially 
on the lips) than those at nonexposed sites, no statistically 
significant difference was found (P>0.05).

Figure 1 (A, B) Clinical and histopathological findings of CSCC (HE×20). (C) Immunohistochemical staining of HSP 105 (×20). (D) HSP105 is highly expressed in spiny cells 
but not in basal cells of normal epidermis next to CSCC (×200). (E) The expression of HSP105 in CSCC was lower in spiny cells and positive expression was found in basal 
cells. (F) HSP105 is expressed at low levels in CSCC in the dermis (×200).

Figure 2 Western blot analysis of HSP105 expression in CSCC and controls (normal skin). The comparison is shown in the column graph. Values represent the mean ± SD. 
*, P < 0.05.
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The Relationship Between HSP105 and 
Pathological Features
When the expression of HSP105 was analyzed with respect to 
the degrees of differentiation, a strong correlation was 
observed. The well-differentiated cells in CSCC, especially 
those near the corneal beads and the stratum corneum, did not 
express HSP105. In contrast, poorly differentiated CSCC cells 
showed higher expression HSP105 expression. Differences 
between the expression of HSP105 and the degree of differ
entiation were remarkable (P<0.05) (Figure 4).

HSP105 expression was compared among the three 
groups of grade I (Breslow thickness <3 mm), grade II 
(Breslow thickness between 3 and 6 mm), and grade III 
(Breslow thickness >6 mm) tumors, but there was no 
significant correlation between the expression of HSP105 
and Breslow thickness (P=0.901).

Discussion
The tumor mass of CSCC is comprised of a heterogeneous 
population of malignant keratinocytes at various stages of 
differentiation. Its development may be related to exces
sive sun exposure or trauma and chronic infection, or it 
may be transformed as a result of actinic keratosis, sebor
rheic keratosis and other precancerous lesions.9 Although 
surgery is the main treatment for CSCC, the outcomes of 
the currently available treatments for advanced CSCC 

have been disappointing. Inhibition of key molecular tar
gets in multiple pro-survival/growth signals could be 
a better approach for the treatment of CSCC.

Stress inducibility is a characteristic shared by most 
HSPs, as they play a substantial protective role when cells 
are stimulated by stressful conditions.10 The presence of 
HSP72 and HSP105 in the exosomes of sera from tumor 
patients, but not healthy people, suggests their significant 
value for tumor prediction.11 Previous studies have found 
that HSP105 is overexpressed in a variety of human can
cers, including colorectal, pancreatic, thyroid, esophageal, 
and breast carcinoma.5,12 Serum samples from pancreatic 
and colorectal cancer patients have also been previously 
used to define HSP105 expression by serum recombinant 
expression clones.13 An HSP105-pulsed bone marrow DC 
vaccine is an effective immunotherapy for tumors that 
appear spontaneously due to inactivation of tumor sup
pressor genes.14 This finding further illustrates the immu
nogenic properties of HSP105 in cancer.

HSP105 has two isoforms, α and β, the former being 
produced under physiological and pathological conditions, 
while the latter is specifically produced in response to heat 
stress.15 p53 is a tumor suppressor gene that functions to 
help cells with defective gene repair pathways. The tumor 
suppressor p53 maintains genomic stability by regulating 
a variety of cell functions (including cell cycle arrest, 

Table 2 HSP105 Expression in Different Clinicopathological Features of CSCC

Variables Median Number of HSP105 
Positive Cells

Intensity of HSP105 Expression (%) HSCORE for HSP105 
Evaluation

P-value

- + ++ M (P25,P75)

Differentiation
Well differentiated 45 53.3(n=8) 46.7(n=7) - 0.60 (0.35, 1.00) P<0.05
Poorly differentiated 55 18.7(n=3) 43.8(n=7) 37.5 (n=6) 1.30 (0.78, 1.84)

Variants
Bowen 58 - 50.0(n=4) 50.0(n=4) 1.28 (1.08, 2.40) P<0.01
Verrucous carcinoma 30 42.9(n=3) 57.1 (n=4) - 0.30 (0.23, 0.85)

Keratoacanthoma 40 50.0(n=4) 50.0 (n=4) - 0.53 (0.29, 0.93)

ASCC 35 33.3(n=2) 66.7 (n=4) - 0.53 (0.41, 0.68)

Sites
Exposure sites 35 29.7(n=8) 63.0(n=17) 7.30 (n=2) 0.70 (0.20, 1.35) P=0.840
Non-exposure sites 45 27.2(n=9) 57.6(n=19) 15.2(n=5) 0.90 (0.10, 1.40)

Breslow thickness
Grade I(<3mm) 46 25.0(n=3) 58.3 (n=7) 16.7 (n=2) 1.00 (0.18, 1.31) P=0.901

Grade II(3~6mm) 35 33.3(n=11) 57.6(n=19) 9.1(n=3) 0.70 (0.20, 1.40)
Grade III(>6mm) 65 40.0(n=6) 53.3 (n=8) 6.7(n=1) 0.80 (0.20, 1.20)

Abbreviations: CSCC, cutaneous squamous cell carcinoma; ASCC, acantholytic squamous cell carcinoma.
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apoptosis, aging and metabolic homeostasis). The loss of 
p53 leads to abnormal cell proliferation and cell death, and 
ultimately leads to tumor formation.16 HSP105 has an 
inhibitory effect on p53-induced apoptosis after binding 
to p53 in the cytoplasm. Heat stimulation of HSP105 
separates it from p53 and transports it to the nucleus, 
leading to apoptosis.17

Fernández-Guarino et al reported that increased levels 
of cytoplasmic HSP70 is a potential new biomarker for 
early infiltration of CSCC caused by actinic keratosis.18 

Singh et al showed that topical 17AAG may be useful for 

the prevention of UV radiation (UVR)-induced inflamma
tion and that CSCC develops in either UVR-exposed or 
organ transplant populations.19 We initially investigated 
the expression of three heat shock proteins in CSCC, 
HSP70, HSP90, HSP105, with HSP70 and HSP90 over
expressed in both normal human skin and CSCC. Only 
HSP105 was reduced in CSCC, whereas it was overex
pressed in normal human skin. Therefore, we hypothesize 
that HSP105 is a more relevant tumor-associated antigen 
in CSCC than HSP70 and HSP90. Previous studies have 
revealed that HSP105 is overexpressed in CSCC and oral 

Figure 3 Clinical and histopathological appearances of Bowen (A, B; HE×10), verrucous carcinoma (D, E; HE×10), keratoacanthoma (G, H; HE×10) and acantholytic SCC 
(J, K; HE×10). HSP105 is highly expressed in Bowen, while shows a trend of lower expression in verrucous carcinoma, keratoacanthoma and acantholytic SCC (C, F, I, L; 
IHC×10).
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SCC.7,8 The present work shows, for the first time to our 
knowledge, a lower expression of HSP105 in CSCC com
pared to the normal epidermis. These findings suggest that 
HSP105 may play different roles in different tumors and 
merit further investigation.

For cancer resection specimens, staging is feasible and 
necessary to indicate the malignancy of the tumor and the 
direction of treatment. Poorly differentiated CSCC is much 
more malignant than well-differentiated CSCC. In the 
current study, we revealed that poorly differentiated 
CSCC showed higher HSP105 expression. A progressive 
increase in HSP105 expression from well differentiated to 
poorly differentiated CSCC indicates of an association 
between this marker and lesion stage. Previous studies 
have reported that high expression of HSP105 in squa
mous cell carcinoma of the tongue and lung adenocarci
noma was associated with disease progression and/or poor 
prognosis.6,20 Another study suggested that increased 
expression of HSP105 in oral squamous cell carcinoma 
could be an unfavorable factor for malignancy.7 These 
findings are consistent with our results. We believe that 
poorly differentiated CSCC cells exhibit a significantly 
faster rate of cell aggregation and proliferation with 
a higher proliferation index, which may be related to 
higher expression of HSP105, which may function to 

help cancer cells maintain functional integrity during 
tumor proliferation and prevent apoptosis.

Analysis of 60 CSCC samples focusing on different 
subtypes demonstrated that HSP105 was relatively highly 
expressed in Bowen disease but showed a trend of lower 
expression in verrucous carcinoma, keratoacanthoma and 
ASCC. Bowen disease, also known as squamous cell 
carcinoma in situ, is characterized by marked cell atypia 
and poor differentiation, while verrucous carcinoma is 
a slow growing, well demarcated, exophytic variant of 
squamous cell carcinoma with a characteristic verrucous 
presentation. Keratoacanthoma is a controversial epithe
lial hyperplasia. Some researchers believe that it repre
sents a type of well-differentiated variant of squamous 
cell carcinoma, while others regard it as a benign tumor 
or borderline malignant tumor.21 ASCC is 
a histologically unique variant of squamous cell carci
noma, and some have suggested that it may be more 
aggressive than conventional squamous cell 
carcinoma.22 According to Yoshifuku et al, 8-OHdG 
expression was significantly increased in Bowen lesions 
compared to surrounding nonlesional tissue, SCC lesions 
and healthy controls.23 The biomarker 8-OHdG has been 
pivotal for measuring the effect of endogenous oxidative 
damage to DNA and is a factor involved in the initiation 
and promotion of carcinogenesis. Therefore, we speculate 

Figure 4 Clinical picture of poorly differentiated CSCC (A) and well-differentiated CSCC (D). Histopathological findings of poorly differentiated CSCC (B; HE×20) and 
well-differentiated CSCC (E; HE×20). HSP105 is more highly expressed in poorly differentiated CSCC (C; IHC×20) than in well-differentiated CSCC (F; IHC×20).
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that the high expression of HSP105 in Bowen disease 
might be related to DNA damage or marked cell atypia 
and poor differentiation. The low expression in verrucous 
carcinoma, keratoacanthoma and ASCC may be consis
tent with the high level of differentiation.

Interestingly, although the expression of HSP105 was 
higher in lesions located at exposed sites (especially on the 
lips) than those located in nonexposed sites, we did not 
identify a significant difference between the expression of 
HSP105 and various sites of CSCC lesions. Excessive UVR 
exposure is the most relevant etiology for the development of 
CSCC, and UVR initiates photocarcinogenesis by directly 
damaging DNA.19 Tawanda et al believed that UV exposure 
is the main influencing factor for the occurrence of CSCC, 
which is inconsistent with the findings of this study.24 We 
speculate that the reason for this is that the onset of CSCC is 
not only caused by UVR but may also be related to other 
factors. A study revealed that, in colorectal cancer, positive 
expression of HSP105 is associated with clinical stage and 
positive lymph node involvement, suggesting that HSP105 
plays an important role in tumor metastasis progression.25 

However, according to another study in which it was 
revealed that tumors with lymphovascular invasion and 
lymph node metastasis exhibit a tendency for lower 
HSP105 scores, low HSP105 expression may be associated 
with lymphovascular invasion and/or metastasis independent 
of the depth of tumor invasion, which is consistent with our 
results.26 There was no relationship between Breslow thick
ness and HSP105 expression in our study.

In conclusion, we examined the level of HSP105 
expression in CSCC and evaluated the relationship 
between HSP105 and the clinicopathological characteris
tics of CSCC. HSP105 is overexpressed in various human 
tumors; in contrast, the novel finding of this study is that 
the expression of HSP105 showed trend to be lower in 
CSCC compared to the normal epidermis. Higher HSP105 
expression is associated with Bowen disease but lower 
expression was observed in verrucous carcinoma, keratoa
canthoma and ASCC. We also found that poorly differen
tiated CSCC showed higher expression with remarkable 
differences, but there was no significant difference related 
to tumor location or Breslow thickness.
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