PLOS ONE

Check for
updates

G OPEN ACCESS

Citation: Chen K-J, Li F-Z, Ye Q, Jia M, Fang S
(2021) HSP105 expression in cutaneous malignant
melanoma: Gorrelation with clinicopathological
characteristics. PLoS ONE 16(10): €0258053.
https://doi.org/10.1371/journal.pone.0258053

Editor: Swati Palit Deb, Virginia Commonwealth
University, UNITED STATES

Received: April 2, 2021
Accepted: September 16, 2021
Published: October 7, 2021

Copyright: © 2021 Chen et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: Thank you for
understanding that data sharing is limited, as this
study involves information such as photos of some
patients and contains sensitive data that can
identify participants. To obtain the minimum data
set for this study, please contact the first affiliated
Hospital of Chongging Medical University
Institution Review Committee (IRB, Tel: 89011876
Email: cyfyy-gcpwx@163.com). We will then share
anonymous data after obtaining the approval of
this IRB.

RESEARCH ARTICLE

HSP105 expression in cutaneous malignant
melanoma: Correlation with
clinicopathological characteristics

Ke-Jun Chen, Feng-Zeng Li, Qian Ye, Meng Jia, Sheng Fang® *
Department of Dermatology, The First Affiliated Hospital of Chongging Medical University, Chongqging, China

* fangshengderm @ 163.com

Abstract

Background

Heat shock proteins can protect against stress-associated cellular challenges, but they can
also protect some tumors from human immune system monitoring. Heat shock protein 105
(HSP105/110) is a high molecular weight protein whose expression has been reported in
many cancers, but few studies on its role in cutaneous malignant melanoma have been pub-
lished. In this study, we analyzed the relationship between HSP105 expression and the clini-
copathological characteristics of CMM.

Methods

This retrospective study included 91 patients with CMM. The clinicopathological characteris-
tics of CMM patients, including age, lesion duration, location, pathological classification,
Clark’s level, Breslow thickness, metastasis and recurrence, were collected. Immunohisto-
chemical staining and Western blot analysis for HSP105 were performed. Pigmented nevi
(n =20) served as a control. The staining intensity and percentage of stained cells were
expressed as a histochemical score (HSCORE).

Results

HSP105 was overexpressed in melanoma compared with nevi. Differences in the HSCORE
between nevi (HSCORE = 1.05(0.15,1.50)) and CMM (HSCORE = 2.68(1.80,3.60)) were
remarkable (P<0.001). Exposed site lesions, recurrent and metastatic lesions, nodular mel-
anoma and lentigo maligna melanoma were closely associated with higher HSP105 expres-
sion (P =0.011, P =0.001 and P = 0.001, respectively). Moreover, no significant difference
was observed in Clark’s level, Breslow thickness, or lesion duration (P>0.05).

Conclusion

HSP105 is overexpressed in CMM. Higher HSP105 expression in lesions is associated with
different clinicopathological variables. HSP105 may be a potential target for the diagnosis,
treatment and prognostic prediction of CMM.
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Introduction

Heat shock proteins (HSPs) are highly conserved proteins present in the cells of all organisms.
HSPs act as chaperones to protect proteins from destruction and to help repair misfolded pro-
teins. In most normal situations, the expression of HSPs is low. However, HSPs will be
expressed to protect the body and improve the cell stress response in response to stressors [1].
Proteins in the HSP family can be divided into five groups according to their molecular weight:
small molecule HSPs, HSP40, HSP70, HSP90, and HSP105/HSP110. HSP105/110 is a major
mammalian HSP that differs from the HSP70 family [2]. Overexpression of HSPs has been
found in a wide range of cancers; therefore, diverse diagnostic and treatment methods are
under investigation [3].

Cutaneous malignant melanoma (CMM) is the most invasive and fatal form of skin can-
cer that has a high fatality rate once metastasis occurs [4]. Currently, various treatment
approaches, such as surgical resection, human interferon-beta, targeted therapy and immu-
notherapy, are used. Up to 90% of melanomas exhibit aberrant MAPK (Ras/RAF/MEK/
ERK) pathway activation, and approximately 80-90% of BRAF mutations are the V600E
(valine to glutamic acid) mutation. PI3K/AKT is the second most frequently activated path-
way in melanoma [5]. Previous studies have shown that HSP105 is closely related to mela-
noma, and evidence from mouse models has shown that the HSP105 DNA vaccine can
induce activation of CD4+ T cells and CD8+ T cells, which play important roles in antitu-
mor immunity [6]. Most malignant melanomas exhibit increased expression of iASPP
(inhibitor of an apoptosis-stimulating protein of p53) [7], while HSP105 can bind to the
tumor suppressor gene p53 to protect cells from apoptosis, which is essential for the survival
and proliferation of cancer cells [8-10]. HSP105 was shown to be overexpressed in a variety
of human cancer cells, and high expression of HSP105 in squamous cell carcinoma [11],
lung adenocarcinoma [12] and oral squamous cell carcinoma [13] is always related to dis-
ease progression and poor prognosis. Although several studies have revealed that HSP105
expression in CMM and metastatic CMM is higher than that in nevi [14], the relationship
between HSP105 and clinicopathological features of CMM has not been identified. There-
fore, we examined the level of HSP105 expression in CMM and nevi and evaluated the rela-
tionship between HSP105 and the clinicopathological characteristics of CMM. These results
are beneficial for understanding the involvement of HSP105 in the pathogenesis of CMM
and provide a basis for future targeted therapy against HSP105 according to clinicopatho-
logical features.

Materials and methods
Participants

We conduct a retrospective analysis for a total of 91 paraffin-embedded CMM tissue sam-
ples provided by the department of dermatology of the First Affiliated Hospital of Chong-
qing Medical University in 2021. The samples represented CMM patients who underwent
surgical resection between January 2016 and June 2021. We also collected clinicopathologi-
cal data from these patients’ medical charts and medical records system. The 20 paraffin-
embedded nevus tissue samples were used as control in the same period. None of the
patients received radiotherapy or chemotherapy before surgery. The clinicopathological
data of 91 patients with CMM were collected, including sex, age, lesion duration, location,
clinical stage, recurrence, and pathological classification. We divided the locations into
exposed sites (head, face, neck, V-neck, outer forearms and dorsum of the hand) and non-
exposed sites.
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Ethics approval and consent to participate

This study was approved by the Medical Ethics Committee, the First Affiliated Hospital of
Chongging Medical University (Reference number: 2020-889). Our analysis was a retrospec-
tive design using fully anonymized data, and thus, the IRB waived the requirement for
informed consent.

Immunohistochemistry

Paraffin sections (4 um) were prepared, deparaffinized by dipping in xylene for 10 minutes
and rehydrated through a descending alcohol series to distilled water. The sections were then
boiled for 20 minutes at 100°C in citrate antigen retrieval buffer and then cooled to room tem-
perature. Endogenous peroxidase activity was blocked by treatment with 3% hydrogen perox-
ide in methanol for 5 minutes, while nonspecific binding was blocked by incubation with 3%
BSA in PBS at room temperature for 30 minutes. Tissue sections were then incubated over-
night at 4°C with an HSP105 antibody (1:200 dilution, 109624, Abcam, Cambridge, UK). After
several washes in PBST (0.05% Triton X-100 in PBS), the slides were incubated with biotiny-
lated goat anti-rabbit IgG (Vector Laboratories, Burlingame, CA) at room temperature for 30
minutes. After a further wash in PBST, streptavidin-horseradish peroxidase was added, and
horseradish peroxidase activity was detected with a DAB peroxidase substrate kit (Vector Lab-
oratories, Burlingame, CA). Finally, sections were counterstained in hematoxylin, followed by
dehydration in graded alcohol solutions, dipping in xylene, neutral resin sealing, and air-dry-
ing. Negative control sections included in each staining experiment were prepared using rabbit
immunoglobulin (isotype: IgG1, concentration: 100 ug/mL;) diluted at 1:15,000. Finally, we
observed sections using a pathology scanner (KFBIO, model: KF-PRO-005).

Western blotting

Tissue samples for Western blot analysis were frozen in liquid nitrogen soon after excision and
stored at — 80°C until use. The specimens were either CMM or nevi, and patients provided
informed consent before surgery. Patient tissues were obtained in accordance with the guide-
lines and approval. Briefly, tissues were lysed in cold RIPA buffer in the presence of protease/
phosphatase inhibitors (Sigma-Aldrich, St. Louis, MO). After centrifugation to remove precip-
itate, the protein concentration was quantified using the bicinchoninic acid assay (Thermo Sci-
entific, 23225). Normalized lysates were then mixed with sample loading buffer containing
2-mercaptoethanol and SDS and heated for 10 minutes at 100°C. A total of 40 pg of normal-
ized total proteins from lysates was run on 10% SDS-polyacrylamide gels. The proteins were
transferred from gels to nitrocellulose membranes (Millipore, Billerica, MA, USA), which
were incubated with HSP105 antibodies (1:1000 dilution, 109624, Abcam, Cambridge, UK)
overnight at 4°C, washed, and incubated with HRP-labeled goat anti-rabbit IgG (H+L) (Beyo-
time, A0208) for 1 h at room temperature. Visual signals were detected using the BIO-RAD
ChemiDoc XRS Imaging System.

Evaluation of HSP105 expression

To avoid bias, all findings were evaluated by three independent pathologists who were blinded
to the patients’ clinicopathological data. Immunohistochemical staining data were expressed
as the histochemical score (HSCORE) based on the intensity and percentage of stained tumor
cells according to the following equation: HSCORE = ¥Pi(i +1), where i is the intensity of
staining with a value of 0, 1, 2 or 3 (score 0 (absent), score 1 (weak), score 2 (moderate), score
3 (intense)) and Pi is the percentage of stained tumor cells varying from 0% to 100% (0.0-
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1.00). HSCORE values ranged from a minimum of 0 in cases with no staining to a maximum
of 4.0 in cases where all the tumor cells were stained with maximal intensity. Due to the abnor-
mal distribution in our data, the median (M) and upper and lower quartiles (P25, P75) were
used to describe the HSCORE.

Statistical analysis

HSP105 expression was compared using the nonparametric Mann-Whitney (nevus and
CMM, tumor location, metastasis and recurrence) and Kruskal-Wallis (pathological classifica-
tion) tests, as well as Spearman rank correlation tests (duration of the lesion, Clark’s level and
Breslow thickness). Statistical analysis was performed using SPSS software for Windows (ver-
sion 25.0; SPSS Inc.). Statistical significance was set at P <0.05 throughout the study.

Results
General data

The general nevus and CMM data are presented in Table 1. In all, 91 patients with CMM and
20 patients with nevi were identified. Among the nevus patients, 12 (60.0%) were male and 8
(40.0%) were female. The average age was 42 years (range 23-69 years). This group included
junctional nevus (5 cases), intradermal nevus (8 cases), and compound nevus (7 cases). In
most cases, pigmented nevi were located on the head/face/neck (5 cases) and lower limbs (7
cases), whereas the trunk and upper limb were rarer sites. Of the patients with CMM, men
(52.8%) were affected more frequently than women (47.3%). The average age was 59.75 years
(range 26-84 years). Most CMM tumors were located in the lower extremities (35.2%),
whereas the number of cases of melanoma on the face and neck was relatively small (16.5%).
Twenty-nine patients had acral lentiginous melanoma. In addition, other variants included
lentigo maligna melanoma (17 cases), nodular melanoma (24 cases) and superficial spreading
melanoma (21 cases).

Table 1. Clinicopathological features of Nevus and CMM.

Characteristics Nevus N (%) CMM N (%)
Overall number 20 91
Gender
Male 12 (60.0) 48(52.7)
Female 8 (40.0) 43(47.3)
Age
(Median, mean, range) (42y,42y,23-69y) (57y,59y,26-84y)
Location
Head/Face/Neck 5(25.0) 15 (16.5)
upper limb 3 (15.0) 19 (20.9)
lower limbs 7 (35.0) 32 (35.2)
Trunk 2 (10.0) 25 (27.4)
Pathological Classification
Junctional 5(25.0) LMM 17 (18.7)
Intradermal 8(40.0) NM 24 (26.4)
Compound 7(35.0) SSM 21 (23.1)

ALM 29 (31.8)

CMM, cutaneous malignant melanoma; ALM, acral lentiginous melanoma; NM, nodular melanoma; LMM, lentigo

maligna melanoma; SSM, superficial spreading melanoma.

https://doi.org/10.1371/journal.pone.0258053.t001
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Expression of HSP105 in nevi and CMM

To explore the significance of HSP105, a control group of 20 benign pigmented nevi was used
to evaluate whether HSP105 expression was increased in CMM. Both melanoma and pig-
mented nevus shows intense staining in epidermis. The immunohistochemical staining pat-
tern of HSP105 in CMMs and nevi was examined (Fig 1). HSP105 staining in CMM cells was
intense (Fig 1A) but was absent (Fig 1B) in nevus cells. Differences in the HSCORE between
nevi (HSCORE = 1.05(0.15,1.50)) and CMM (HSCORE = 2.68(1.80,3.60)) were remarkable
(P<0.001). The results were consistent with those of the Western blot analysis, which showed
increased HSP105 expression in melanoma compared with nevi (P<0.05) (Fig 1C).

The relationship between HSP105 and clinical features

Next, we evaluated the clinical data of patients to determine the significance of HSP105 expres-
sion in CMM. The correlations between HSP105 immunostaining and tumor clinicopatholog-
ical features are summarized in Table 2. In different clinical variants (including tumor
location, duration of the lesion, metastasis and recurrence), lesions of 58 cases of CMM were
located on non-exposed sites, while the lesions of 33 cases were located on exposed sites. We
found that HSP105 expression was increased in exposed sites (HSCORE = 3.02 (2,70, 3.65))
compared with non-exposed sites (HSCORE = 2.48 (1.60, 3.50)) (P = 0.011) (Fig 2). In most
cases, the onset time was less than 10 years (70 cases), while cases with an onset greater than 10
years were relatively rare. The relative expression levels of HSP105 in CMM were not signifi-
cantly correlated with the duration of CMM lesions (P>0.05), but HSCORE values for patients
with durations between 1 and 10 years (HSCORE = 2.76 (1.80, 3.80)) were relatively higher.
The number of cases of metastasis and recurrence in CMM patients was smaller (27 cases)
than that of primary tumors (64 cases), but we found that recurrent and metastatic CMM
tumor lesions (HSCORE = 3.20 (2.70, 3.80)) exhibited higher HSP105 expression than primary
tumors (HSCORE = 2.46 (1.65, 3.35)) (P = 0.001) (Fig 3).

The relationship between HSP105 and pathological features

We further detected HSP105 expression in different pathological variants (including pathological
classification, Clark’s level and Breslow thickness). In different pathological classifications, the
number of ALM (acral lentiginous melanoma) cases was the highest (29 cases), while NM (nodu-
lar melanoma) was observed in 24 cases, and the numbers of LMM (lentigo maligna melanoma)

C CMM  Nevus

HSP105 W g 105kDa

B ACTIN — — 42kDa

Relative intensity of HSP105

2.0 E 3

CcMM Nevus

Fig 1. HSP105 expression in CMM and nevus. (A) HSP105 expression in CMM with intense staining (IHC, x100). (B) HSP105 expression in Nevus with
weaker staining (IHC, x100). (C) The Western blot analysis of HSP 105 expression in CMM and Nevus. Comparison was showed in the column graph. Values

represent the mean + SD.*, P < 0.05.

https://doi.org/10.1371/journal.pone.0258053.g001
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Table 2. HSP105 expression in different clinicopathological features of CMM.

Variables
Location
Exposed site

Non-exposed site

Duration of the lesion (years)

<1

1-10

>10

Metastasis and Recurrence
Yes
No

Pathological Classification
LMM
NM
SSM
ALM

Clark’s level

https://doi.org/10.1371/journal.pone.0258053.t002

Number (%) N (%) HSCOR M (P, P;5) Z/X*/p P
-2.550 0.011
33(37.3) 3.02(2,70, 3.65)
58(58.7) 2.48(1.60, 3.50)
-0.077 >0.05
31(34.1) 2.66 (1.80, 3.60)
39(42.9)) 2.76 (1.80, 3.80)
21(23.0) 2.57(1.80, 3.60)
-3.336 0.001
27(29.7) 3.20 (2.70, 3.80)
64(70.3) 2.46 (1.65, 3.35)
17.681 0.001
17 (18.7) 3.12 (2.70, 3.80)
24 (26.4) 3.18 (2.70, 3.90)
21(23.1) 2.26 (1.80, 2.70)
29 (31.8) 2.31 (1.60, 3.30)
0.204 0.052
20(22.0) 2.54 (1.80, 3.60)
22(24.2) 2.48 (1.60, 3.45)
24(26.4) 2.71 1.80, 3.80)
17(18.7) 2.66 (1.75, 3.60)
8(8.7) 3.50 (3.10 3.92)
0.196 0.64
10(11.0) 2.78 (1.80, 3.60)
14(15.4) 2.21 (1.60, 2.85)
43(47.2) 2.67 (1.80, 3.65)
24(26.4) 2.89 (2.02,3.75)

and SSM (superficial spreading melanoma) cases were relatively l at 17 and 21 cases, respectively.
The Kruskal-Wallis test was used to show significant differences in four different pathological
types of CMM (P<0.001). HSP105 expression in LMM (HSCORE = 3.12 (2.70, 3.80)) and NM
(HSCORE = 3.18 (2.70, 3.90)) was higher than that in ALM (HSCORE = 1.91 (1.60, 2.10)) and
SSM (HSCORE = 1.84 (1.50, 2.50)). The immunohistochemical staining intensity pattern is
shown in (Fig 4). We further used the Mann-Whitney test to determine the statistical significance
among the four different pathological types. Statistically significant differences were observed
between LMM and ALM, LMM and SSM, NM and ALM, and NM and SSM (P<0.05). However,
no significant difference was observed between the other two pathological types (P>>0.05).
Although lower expression of HSP105 was observed in ALM, 5 patients showed high expression
in the fingernails of the hands or feet. HSP105 expression did not increase with increasing depth
or grade. No statistically significant correlation was found between the HSP105 expression pat-
tern and Clark’s level or Breslow thickness (P>0.05). However, the HSCORE values of cases with
Clark 5 (HSCORE = 3.50 (3.10 3.92)) and Breslow > 4 (HSCORE = 2.89 (2.02, 3.75)) were higher,
which suggests that HSP105 expression may be associated with the progression of CMM.

Discussion

HSP expression can promote controlled cell growth, avoid apoptosis, enhance cell survival,
and promote angiogenesis, which is essential for the metastasis and invasiveness of many
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Fig 2. HSP105 expression in non-exposed site and exposed site. (A) Clinical picture of the LMM located in foot (non-exposed site). (B) Histological
appearance (HE, x100) in the LMM located in non-exposed site and (C) HSP 105 expression showed focal staining (IHCx100). (D) Clinical picture of the
LMM located in hand (exposed site). (E) Histological appearance (HE, x100) in the LMM located in exposed site and (F) HSP 105 expression showed intense
staining (IHCx100).

https://doi.org/10.1371/journal.pone.0258053.9g002

Fig 3. HSP105 expression in recurrent lesion and primary lesion. (A) Clinical picture of the ALM located in foot (recurrent lesion). (B) Histological
appearance (HE, x100) of ALM in recurrence lesion and (C) HSP 105 expression showed strong staining (IHCx100). (D) Clinical picture of the ALM located
in foot (primary lesion). (E) Histological appearance (HE, x100) of ALM in primary lesion and (F) HSP 105 expression showed weaker staining (IHCx100).

https://doi.org/10.1371/journal.pone.0258053.9g003
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Fig 4. HSP105 expression in different pathological classification. (A) Clinical and (B; HEx10) histopathological picture of the NM located in wrist. (D)
Clinical and (E; HEx100) histopathological picture of the LMM located in face. (G) Clinical and (H; HEx100) histopathological picture of the ALM located in
foot. (J) Clinical and (K; HEx100) histopathological picture of the SSM located in thigh. HSP105 showed intense staining in (C; IHCx10) NM and (F;
THCx100) LMM, but it showed weaker staining in (I; IHCx100) ALM and (L; ITHCx100) SSM.

https://doi.org/10.1371/journal.pone.0258053.9g004

malignant cells [15]. Therefore, heat shock protein-related tumors can be referred to as "com-
panion diseases." Previous studies have shown elevated HSP105 expression in a range of can-
cers, such as bladder cancer, colorectal cancer, lung cancer and oral squamous cell carcinoma,
which indicates a poor prognosis in most cases [16].

In this study, we evaluated HSP105 expression in nevi and CMM; furthermore, we com-
pared HSP105 expression in CMM with different clinicopathological features. The results
revealed a remarkable difference between nevi and CMM, which was consistent with a previ-
ous study [14, 17]. Our study also revealed no difference in HSP105 expression in different
pathological classifications of nevi. Exposed site lesions, NM and LMM types, recurrence and
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metastatic lesions were closely associated with higher HSP105 expression. Although HSP105
was expressed in these cases, no significant association was found between HSP105 expression
and Clark’s level, Breslow thickness, and lesion duration.

Exposed sites had higher HSP105 expression than non-exposed sites. Previous studies have
shown that heat shock can regulate UVB-induced keratinocyte death in the human epidermis
[18]. Heat shock can also increase the level of heat shock proteins, which prevents UVB-
induced apoptosis. HSP70 overexpression is known to ameliorate UV-induced photokeratitis
induced by geranylgeranyl-lacetone in mice [19]. On the contrary, HSP70 can prevent UV-
induced apoptosis in melanoma cells. Therefore, as a subtype of HSP70, HSP105 overexpres-
sion can also help prevent apoptosis in tumors, thus prompting tumor growth [20]. At the
same time, chronic light injury and chemical substances are the main pathogenic factors of
CMM [4], which may promote HSP105 expression at exposed sites in patients with CMM.

In terms of pathological types, HSP105 expression was lower in ALM and SMM compared
with the NM and LMM types. LMM is predominantly located on the sun-exposed skin of
elderly people and may promote HSP105 expression. Although NM does not account for a
high proportion of all invasive melanomas, it has a poor prognosis and contributes to most
melanoma-related deaths [21]. NM is usually characterized by early vertical and rapid growth
followed by invasion of the dermis. The molecular chaperone heat shock proteins play an
important role in maintaining the stability and activity of many signaling proteins involved in
the rapid development and growth of NM. Previous studies revealed that HSP105 can prevent
tumor apoptosis by inhibiting Bax translocation to mitochondria and P38 in the MAPK path-
way [22]. HSP105 inhibits apoptosis and promotes continuous clonal proliferation in tumors,
which may provide an environment for the rapid growth and infiltration seen in NM.

The significance of HSP105 in terms of prognosis is worth mentioning. A previous study
observed that high HSP105 expression is related to metastatic lesions, which exhibit increased
expression with increasing stage and thickness of the melanoma. Our study also showed signifi-
cantly higher HSP105 expression in metastatic lesions but also in local recurrent lesions com-
pared with primary cutaneous melanoma. However, no statistically significant correlation was
observed between the HSP105 expression pattern and Clark’s level or Breslow thickness, the
HSCORE values of cases with Clark 5 and Breslow > 4 were higher. Previous studies have also
revealed that HSP105 is overexpressed in a variety of human cancers; for example, the expression
of HSP105 in rectal cancer in general is higher than that in rectal adenocarcinoma [23]. How-
ever, other studies have found that the prolonged survival of bladder cancer patients is dependent
on higher HSP105 expression [24]. In skin tumors, basal cell carcinoma expresses weak levels of
HSP105 or is negative, which is in contrast to the high expression in EMPD and metastatic SCC
[25]. This study also showed that high HSP105 expression was related to recurrence and meta-
static lesions, which suggests that high HSP105 expression is related to poor prognosis in CMM.

HSP105 might be a novel potential target in cancer immunotherapy since it is specifically
overexpressed in various human cancers. Previous studies revealed that a HSP105 peptide vac-
cine could induce HSP105-specific cytotoxic T lymphocytes from peripheral blood mononu-
clear cells (PBMCs) at injection sites [26]. Animal studies have shown that immunization with
HSP105-pulsed dendritic cells leads to tumor rejection in mice [27]. In vivo studies also
showed that antitumor immunity induced by an HSP105 DNA vaccine could be used for
immunotherapy or prevention of various human tumors overexpressing HSP105, including
colorectal cancer and melanoma [6]. Our study may help in the development of targeted and
immunotherapy treatments against HSP105 according to different clinical and pathological
conditions.

This study has several limitations including a small sample size, which may have resulted in
bias, and the unavailability of survival and recurrence data. Therefore, we recommend that

PLOS ONE | https://doi.org/10.1371/journal.pone.0258053 October 7, 2021 9/12


https://doi.org/10.1371/journal.pone.0258053

PLOS ONE

HSP105 expression in CMM

prospective large-scale studies be performed to evaluate the prognostic and predictive signifi-
cance of HSP105 in CMM. Another limitation is that the exploration of the mechanism of
HSP105 in CMM is incomplete. Therefore, we recommend the establishment of cytological or
animal models to analyze its pathogenic mechanism to further evaluate the correlation
between HSP105 and CMM.

In conclusion, we examined the level of HSP105 expression in CMM and nevi and evalu-
ated the relationship between HSP105 and the clinicopathological characteristics of CMM.
Our study demonstrated that HSP105 is overexpressed in CMM and that higher HSP105
expression is associated with exposed site lesions, NM and LMM types, recurrence and meta-
static lesions. No significant difference in HSP105 expression was observed in cases with dif-
ferent Clark’s level, Breslow thickness, or lesion duration.

Supporting information

S1 Fig. The western blot of HSP105 expression in skin tumors. We compared the expression
of HSP105 in skin tumors, of which line 2 was CMM, line3 and 4 was nevi.
(TIF)

Author Contributions

Conceptualization: Ke-Jun Chen, Qian Ye, Sheng Fang.

Data curation: Ke-Jun Chen, Qian Ye, Meng Jia, Sheng Fang.

Formal analysis: Ke-Jun Chen, Meng Jia, Sheng Fang.

Funding acquisition: Sheng Fang.

Investigation: Ke-Jun Chen, Sheng Fang.

Methodology: Ke-Jun Chen, Feng-Zeng Li, Qian Ye, Sheng Fang.
Project administration: Ke-Jun Chen, Feng-Zeng Li, Qian Ye, Sheng Fang.
Resources: Ke-Jun Chen, Meng Jia, Sheng Fang.

Software: Ke-Jun Chen, Feng-Zeng Li, Sheng Fang.

Supervision: Ke-Jun Chen, Meng Jia, Sheng Fang.

Validation: Ke-Jun Chen, Feng-Zeng Li, Sheng Fang.

Visualization: Ke-Jun Chen, Sheng Fang.

Writing - original draft: Ke-Jun Chen, Qian Ye, Meng Jia, Sheng Fang.
Writing - review & editing: Ke-Jun Chen, Feng-Zeng Li, Sheng Fang.

References

1. Schmid TE, Multhoff G. Radiation-induced stress proteins—the role of heat shock proteins (HSP) in
anti- tumor responses. Curr Med Chem. 2012; 19:1765-70. http://doi.org/10.2174/
092986712800099767 PMID: 22414085

2. Yamagishi N, Yokota M, Yasuda K, Saito Y, Nagata K, Hatayama T. Characterization of stress sensitiv-
ity and chaperone activity of Hsp105 in mammalian cells. BiochemBiophys Res Commun. 2011;
409:90-5. http://doi.org/10.1016/j.bbrc.2011.04.114 PMID: 21557931

3. Ciocca DR, Calderwood SK. Heat shock proteins in cancer: diagnostic, prognostic, predictive, and treat-
ment implications. Cell Stress Chaperones. 2005; 10:86—103. http://doi.org/10.1379/csc-99r.1 PMID:
16038406

PLOS ONE | https://doi.org/10.1371/journal.pone.0258053 October 7, 2021 10/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0258053.s001
http://doi.org/10.2174/092986712800099767
http://doi.org/10.2174/092986712800099767
http://www.ncbi.nlm.nih.gov/pubmed/22414085
http://doi.org/10.1016/j.bbrc.2011.04.114
http://www.ncbi.nlm.nih.gov/pubmed/21557931
http://doi.org/10.1379/csc-99r.1
http://www.ncbi.nlm.nih.gov/pubmed/16038406
https://doi.org/10.1371/journal.pone.0258053

PLOS ONE

HSP105 expression in CMM

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

Zhang N, Wang L, Zhu GN, Sun DJ, He H, Luan Q, et al. The association between trauma and mela-
noma in the Chinese population: a retrospective study. J Eur Acad Dermatol Venereol. 2014; 28:597—
603. http://doi.org/10.1111/jdv.12141 PMID: 23465057

Leonardi GC, Falzone L, Salemi R, Zanghi A, Spandidos DA, Mccubrey JA, et al. Cutaneous mela-
noma: From pathogenesis to therapy (Review). IntJ Oncol. 2018; 52:1071-1080. http://doi.org/10.
3892/ij0.2018.4287 PMID: 29532857.

Miyazaki M, Nakatsura T, Yokomine K, Senju S, Monji M, Hosaka S, et al. DNA vaccination of HSP105
leads to tumor rejection of colorectal cancer and melanoma in mice through activation of both CD4 T
cells and CD8 T cells. Cancer Sci. 2005; 96:695-705. http://doi.org/10.1111/j.1349-7006.2005.00093.x
PMID: 16232202.

Hsieh CC, Shen CH. The Potential of Targeting P53 and HSP90 Overcoming Acquired MAPKIi-Resis-
tant Melanoma. Curr Treat Options Oncol. 2019; 20:22. http://doi.org/10.1007/s11864-019-0622-9
PMID: 30778775

Yamagishi N, Ishihara K, Saito Y, Hatayama T. Hsp105 family proteins suppress staurosporine-induced
apoptosis by inhibiting the translocation of Bax to mitochondria in HeLa cells. Exp Cell Res. 2006;
312:3215-23. http://doi.org/10.1016/j.yexcr.2006.06.007 PMID: 16857185

Zuo D, Subjeck J, Wang XY. Unfolding the Role of Large Heat Shock Proteins: New Insights and Therapeu-
tic Implications. Front Immunol. 2016; 7:75. http://doi.org/10.3389/fimmu.2016.00075 PMID: 26973652

Hosaka S, Nakatsura T, Tsukamoto H, Hatayama T, Baba H, Nishimura Y. Synthetic small interfering
RNA targeting heat shock protein 105 induces apoptosis of various cancer cells both in vitro and in vivo.
Cancer Sci. 2006; 97:623-32. http://doi.org/10.1111/.1349-7006.2006.00217.x PMID: 16827803

Mohtasham N, Babakoohi S, Montaser-Kouhsari L, Memar B, Salehinejad J, Rahpeyma A, et al. The
expression of heat shock proteins 27 and 105 in squamous cell carcinoma of the tongue and relation-
ship with clinicopathological index. Med Oral Patol Oral Cir Bucal. 2011; 16: €730-5. http://doi.org/10.
4317/medoral.17007 PMID: 21196872

Oda T, Morii E, Inoue M, Ikeda J, Aozasa K, Okumura M. Prognostic significance of heat shock protein
105 in lung adenocarcinoma. Mol Med Rep. 2009; 2:603-7. http://doi.org/10.3892/mmr_00000144
PMID: 21475873

Arvanitidou S, Martinelli-Klay CP, Samson J, Lobrinus JA, Dulguerov N, Lombardi T. HSP105 expres-
sion in oral squamous cell carcinoma: Correlation with clinicopathological features and outcomes. J
Oral Pathol Med. 2020; 49:665—671. http://doi.org/10.1111/jop.13007 PMID: 32128880

Park HS, Park CH, Choi BR, Lim MS, Heo SH, Kim CH, et al. Expression of heat shock protein 105 and
70 in malignant melanoma and benign melanocytic nevi. J CutanPathol. 2009; 36:511-6. http://doi.org/
10.1111/j.1600-0560.2008.01085.x PMID: 19476517

Saini J, Sharma PK. Clinical, Prognostic and Therapeutic Significance of Heat Shock Proteins in Can-
cer. Curr Drug Targets.2018; 19:1478—1490. http://doi.org/10.2174/1389450118666170823121248
PMID: 28831912

Calderwood SK, Gong J. Heat Shock Proteins Promote Cancer: It's a Protection Racket. Trends Bio-
chem Sci. 2016; 41:311-323. http://doi.org/10.1016/j.tibs.2016.01.003 PMID: 26874923

Muchemwa FC, Nakatsura T, Fukushima S, Nishimura Y, Kageshita T, Ihn H. Differential expression of
heat shock protein 105 in melanoma and melanocytic naevi. Melanoma Res. 2008; 18:166-71. http://
doi.org/10.1016/10.1097/CMR.0b013e3282fe9a16 PMID: 18477890

Lennikov A, Kitaichi N, Kase S, Noda K, Horie Y, Nakai A, et al. Induction of heat shock protein 70 ame-
liorates ultraviolet-induced photokeratitis in mice. Int J Mol Sci. 2013; 14(1):2175-89. http://doi.org/10.
3390/ijms14012175 PMID: 23340653

Lennikov A, Kitaichi N, Kase S, Noda K, Horie Y, Nakai A, et al. Induction of heat shock protein 70 ame-
liorates ultraviolet-induced photokeratitis in mice. Int J Mol Sci. 2013; 14:2175-89. http://doi.org/10.
3390/ijms14012175 PMID: 23340653

Park KC, Kim DS, Choi HO, Kim KH, Chung JH, Eun HC, et al. Overexpression of HSP70 prevents
ultraviolet B-induced apoptosis of a human melanoma cell line. Arch Dermatol Res. 2000; 292:482-7.
http://doi.org/10.1007/s004030000173 PMID: 11142769

Mar V, Roberts H, Wolfe R, English DR, Kelly JW. Nodular melanoma: a distinct clinical entity and the
largest contributor to melanoma deaths in Victoria, Australia. J Am Acad Dermatol. 2013; 68(4):568—
575. http://doi.org/10.1016/j.jaad.2012.09.047 PMID: 23182058

Yamagishi N, Saito Y, Hatayama T. Mammalian 105 kDa heat shock family proteins suppress hydrogen
peroxide-induced apoptosis through a p38 MAPK-dependent mitochondrial pathway in Hela cells.
FEBS J. 2008; 275(18):4558-70. http://doi.org/10.1111/j.1742-4658.2008.06598.x PMID: 18681888

Kai M, Nakatsura T, Egami H, Senju S, Nishimura Y, Ogawa M. Heat shock protein 105 is overex-
pressed in a variety of human tumors. Oncol Rep. 2003; 10:1777-82. PMID: 14534695

PLOS ONE | https://doi.org/10.1371/journal.pone.0258053 October 7, 2021 11/12


http://doi.org/10.1111/jdv.12141
http://www.ncbi.nlm.nih.gov/pubmed/23465057
http://doi.org/10.3892/ijo.2018.4287
http://doi.org/10.3892/ijo.2018.4287
http://www.ncbi.nlm.nih.gov/pubmed/29532857
http://doi.org/10.1111/j.1349-7006.2005.00093.x
http://www.ncbi.nlm.nih.gov/pubmed/16232202
http://doi.org/10.1007/s11864-019-0622-9
http://www.ncbi.nlm.nih.gov/pubmed/30778775
http://doi.org/10.1016/j.yexcr.2006.06.007
http://www.ncbi.nlm.nih.gov/pubmed/16857185
http://doi.org/10.3389/fimmu.2016.00075
http://www.ncbi.nlm.nih.gov/pubmed/26973652
http://doi.org/10.1111/j.1349-7006.2006.00217.x
http://www.ncbi.nlm.nih.gov/pubmed/16827803
http://doi.org/10.4317/medoral.17007
http://doi.org/10.4317/medoral.17007
http://www.ncbi.nlm.nih.gov/pubmed/21196872
http://doi.org/10.3892/mmr_00000144
http://www.ncbi.nlm.nih.gov/pubmed/21475873
http://doi.org/10.1111/jop.13007
http://www.ncbi.nlm.nih.gov/pubmed/32128880
http://doi.org/10.1111/j.1600-0560.2008.01085.x
http://doi.org/10.1111/j.1600-0560.2008.01085.x
http://www.ncbi.nlm.nih.gov/pubmed/19476517
http://doi.org/10.2174/1389450118666170823121248
http://www.ncbi.nlm.nih.gov/pubmed/28831912
http://doi.org/10.1016/j.tibs.2016.01.003
http://www.ncbi.nlm.nih.gov/pubmed/26874923
http://doi.org/10.1016/10.1097/CMR.0b013e3282fe9a16
http://doi.org/10.1016/10.1097/CMR.0b013e3282fe9a16
http://www.ncbi.nlm.nih.gov/pubmed/18477890
http://doi.org/10.3390/ijms14012175
http://doi.org/10.3390/ijms14012175
http://www.ncbi.nlm.nih.gov/pubmed/23340653
http://doi.org/10.3390/ijms14012175
http://doi.org/10.3390/ijms14012175
http://www.ncbi.nlm.nih.gov/pubmed/23340653
http://doi.org/10.1007/s004030000173
http://www.ncbi.nlm.nih.gov/pubmed/11142769
http://doi.org/10.1016/j.jaad.2012.09.047
http://www.ncbi.nlm.nih.gov/pubmed/23182058
http://doi.org/10.1111/j.1742-4658.2008.06598.x
http://www.ncbi.nlm.nih.gov/pubmed/18681888
http://www.ncbi.nlm.nih.gov/pubmed/14534695
https://doi.org/10.1371/journal.pone.0258053

PLOS ONE

HSP105 expression in CMM

24,

25.

26.

27.

Kawai T, Enomoto Y, Morikawa T, Matsushita H, Kume H, Fukayama M, et al. High expression of heat
shock protein 105 predicts a favorable prognosis for patients with urinary bladder cancer treated with
radical cystectomy. Mol Clin Oncol. 2014; 2:38-42. http://doi.org/10.3892/mc0.2013.203 PMID:
24649305;

Muchemwa FC, Nakatsura T, Ihn H, Kageshita T. Heat shock protein 105 is overexpressed in squa-
mous cell carcinoma and extramammary Paget disease but not in basal cell carcinoma. Br J Dermatol.
2006; 155:582-5. http://doi.org/10.1111/j.1365-2133.2006.07362.x PMID: 16911285

Shimizu Y, Yoshikawa T, Kojima T, Shoda K, Nosaka K, Mizuno S, et al. Heat shock protein 105 peptide
vaccine could induce antitumor immune reactions in a phase | clinical trial. Cancer Sci. 2019; 110
(10):3049-3060. http://doi.org/10.1111/cas.14165 PMID: 31390678

Yokomine K, Nakatsura T, Minohara M, Kira J, Kubo T, Sasaki Y, et al. Immunization with heat shock
protein 105-pulsed dendritic cells leads to tumor rejection in mice. BiochemBiophys Res Commun.
2006; 343:269-78. http://doi.org/10.1016/j.bbrc.2006.02.142 PMID: 16540092

PLOS ONE | https://doi.org/10.1371/journal.pone.0258053 October 7, 2021 12/12


http://doi.org/10.3892/mco.2013.203
http://www.ncbi.nlm.nih.gov/pubmed/24649305
http://doi.org/10.1111/j.1365-2133.2006.07362.x
http://www.ncbi.nlm.nih.gov/pubmed/16911285
http://doi.org/10.1111/cas.14165
http://www.ncbi.nlm.nih.gov/pubmed/31390678
http://doi.org/10.1016/j.bbrc.2006.02.142
http://www.ncbi.nlm.nih.gov/pubmed/16540092
https://doi.org/10.1371/journal.pone.0258053

