
Am J Cancer Res 2023;13(7):3013-3026
www.ajcr.us /ISSN:2156-6976/ajcr0149627

Original Article
HSP105 suppresses the progression  
of cutaneous squamous cell carcinoma  
by activating the P53 signaling pathway

Meng Jia, Kai-Yi Zhou, Li-Jia Deng, Sheng Fang

Department of Dermatology, The First Affiliated Hospital of Chongqing Medical University, Chongqing, China

Received February 12, 2023; Accepted June 20, 2023; Epub July 15, 2023; Published July 30, 2023

Abstract: Cutaneous squamous cell carcinoma (cSCC) is a common type of nonmelanoma skin cancer with a very 
high incidence. Heat shock proteins (HSPs) are involved in abnormal proliferation, invasion and apoptosis of tumor 
cells. Whether HSP105 acts as a promoter or inhibitor of cSCC remains to be further explored. This study investi-
gated the biological role of HSP105 in the progression of cSCC. Real-time PCR and Western blotting were used to de-
tect the mRNA and protein expression of HSP105 in cSCC cell lines. Cell lines with overexpression and knockdown 
of HSP105 were established to analyze their cell cycle distribution, proliferation, apoptosis, migration, invasion and 
biological mechanisms. Finally, the proliferative effect of HSP105 in cSCC cells was verified in nude mice. We found 
that HSP105 expression was decreased in cSCC cell lines. Overexpression of HSP105 in A431 and SCL-1 cell lines 
induced cell cycle arrest and apoptosis, inhibited cell proliferation, reduced cell migration and invasion, and inhib-
ited tumor growth in vivo. The opposite result was observed in the HSP105-silenced cell lines. Furthermore, HSP105 
activated the P53 signaling pathway and exerted anticancer effects. Our findings provide new perspectives on the 
critical role and potential mechanisms of HSP105 in the development of cSCC, suggesting that HSP105 may be a 
novel therapeutic target for cSCC.
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Introduction

Cutaneous squamous cell carcinoma (cSCC) is 
the most common form of metastatic skin can-
cer, accounting for at least 20% of all skin can-
cer-related mortality with an increasing preva-
lence and incidence worldwide. The prognosis 
of advanced or metastatic cSCC is poor due to 
the absence of defined biomarkers to assess 
the risk of metastasis or specific therapeutic 
targets [1]. It is essential to elucidate the 
molecular mechanisms of cSCC to discover 
novel immunotherapeutic targets for cSCC.

Heat shock proteins (HSPs), synonymous with 
molecular chaperones, are involved in aberrant 
proliferation, invasion and apoptosis of tumor 
cells [2]. HSP105 belongs to the HSP110 fami-
ly, which plays a central role in protein stabiliza-
tion and signaling pathways and has emerged 
as a new target for cancer chemotherapy [3]. 
Functionally, HSP105 contributes to protein 

function by maintaining denatured protein sub-
strates in a soluble, foldable state to facilitate 
ligand binding [4]. The high metabolic demand 
and unlimited proliferative capacity of tumor 
cells dramatically alter the nutrient composition 
of the tumor environment [5]. Therefore, tumor 
cells depend on the folding mechanism of 
HSP105 to maintain their homeostasis. How- 
ever, other studies have demonstrated that 
HSP105 is capable of not only refolding misfold-
ed proteins but also folding other denatured 
proteins into their original conformation [6]. 
Whether blocking the function of HSP105 will 
eliminate the development of cancer remains to 
be determined and deserves further study.

A group of researchers demonstrated that 
HSP105 is overexpressed in several human 
tumors, such as cervical cancer, bladder can-
cer, lung cancer, and squamous cell carcinoma 
of the tongue [7]. Elevated expression of 
HSP105 is a factor of poor prognosis in patients 
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with melanoma, non-Hodgkin lymphoma eso- 
phageal cancer, gastric cancer, colorectal can-
cer, MDS or AML [8, 9]. Yu N and coworkers 
observed that HSP105 overexpression predicts 
a decline in the survival of breast cancer 
patients [10]. However, prolonged survival of 
bladder cancer patients was found to be depen-
dent on higher HSP105 expression in other 
studies [11]. A study by Zheng Y et al. demon-
strated that HSP105 inhibits the growth of 
renal cell carcinoma in mice [12]. Increased 
expression of HSP105 in colorectal cancer 
cells induced the production of macrophages, 
which have a strong anti-inflammatory effect 
and thus inhibit the development of colorectal 
cancer [13]. Our previous study found that 
HSP105 was highly expressed in the normal 
epidermis and showed a decreasing trend in 
cSCC, suggesting that it has an anticancer 
effect [14]. Therefore, whether HSP105 acts as 
a promoter or inhibitor of cSCC remains to be 
further explored. This study investigated the 
biological role of HSP105 in cSCC progression 
while exploring the potential mechanism.

Materials and methods

Cell culture and lentivirus transfection

Human epidermoid carcinoma (A431), SCL- 
1 and human keratinocyte (HaCaT) cell lines 
were purchased from Chongqing Biospes Co., 
Ltd. All cell lines were maintained in DMEM  
containing 10% fetal bovine serum (Gibco, 
Carlsbad, USA) and 1% penicillin and strepto-
mycin (Gibco, Carlsbad, USA). Cells were rou-
tinely cultured in a humidified incubator con-
taining 5% CO2 at 37°C. Lentiviral particles 
encoding shRNA against HSP105 (sh-HSP105), 
control sequence (sh-con) and an HSP105 
overexpression sequence (LV-HSP105), and 
control gene (LV-con) were prepared by Shang- 
hai Genechem Co., Ltd. Cells were seeded on 
24-well plates (5 × 104/well), cultured for 24 h 
and then transfected with lentivirus for 10 h. 
Finally, the transfection efficiency was measur- 
ed after 2~3 days of screening with puromycin.

Real-time PCR

Total cellular RNA was extracted from A431 
and SCL-1 cells using the Steady Pure Universal 
RNA Extraction Kit (Accurate Biology, AG21017, 
China) according to the manufacturer’s instruc-
tions. cDNA synthesis was performed using an 

Evo M-MLV Mix Kit with gDNA Clean for qPCR 
(Accurate Biology, AG11728, China). Finally, 
real-time quantitative PCR was performed 
using a SYBR Green Premix Pro Taq HS qPCR 
Kit (Accurate Biology, AG11701, China) and 
detected on a CFX96™ real-time PCR detection 
system (Bio-Rad Laboratories, USA). GAPDH 
was used as an internal control to normalize 
expression. The 2-ΔΔCt method was used to ana-
lyze the relative expression levels.

Western blot

The primary antibodies used in the Western 
blot analysis included HSP105 (1:5,000), p21 
(1:1,000), Cyclin D1 (1:1,000), MMP9 (1:1,000), 
MMP2 (1:1,000), P53 (1:1,000), MDM2 
(1:1,000), CDK4 (1:1,000), Bcl-2 (1:1,000), Bax 
(1:1,000) and GAPDH (1:5,000). The secondary 
antibodies used were HRP-c conjugated 
Affinipure Goat Anti-Mouse IgG (H+L) (1:5,000) 
and Goat Anti-Rabbit IgG (H+L) (1:5,000). All 
antibodies were purchased from Proteintech, 
except for HSP105, which was obtained from 
Abcam in the United States.

Cells cultured in six-well plates were placed on 
ice, washed three times with prechilled PBS, 
and then lysed by adding RIPA buffer to obtain 
total cellular protein. Different protein samples 
were aspirated and added to each well of the 
8% or 10% SDS-PAGE gel for electrophoresis. 
After electrophoresis was completed, proteins 
on SDS-PAGE gels were transferred to 0.45 μm 
PVDF membranes (Millipore, USA). The mem-
branes were blocked at room temperature with 
QuickBlock™ Blocking Buffer for Western blot 
(Beyotime, Shanghai, China) for 15 min and 
then incubated overnight at 4°C with the cor-
responding primary antibody. The following  
day, the incubated membranes were washed 
three times with TBST and subsequently incu-
bated with the secondary antibody for 1 h at 
room temperature. Finally, the membranes 
were rinsed again with TBST, and the signal 
was detected with an Odyssey fluorescence 
scanner. Grayscale values of protein bands 
were analyzed using ImageJ software (NIH 
Image, Bethesda, MD), with GAPDH as an inter-
nal reference.

Cell proliferation assay

The cell proliferative capacity of A431 and 
SCL-1 cells was determined by Cell Counting 
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Kit-8 (CCK-8) (MedChemExpress, USA). Cells 
were seeded in 96-well plates at a density of 
2000 cells/well, and 5 replicate wells were 
used for each cell line to reduce errors, while 
100 µl of PBS was added to the edge circles to 
avoid evaporation. Ten microliters of CCK-8 
reagent were added to each well at 0, 24, 48, 
72 and 96 hours after plating. The plate was 
incubated for 3 h. When the color changed to 
orange, the 96-well plate was placed in a 
microtiter plate reader, and the absorbance 
was detected at a wavelength set to 450 nm.

Cell cycle analysis

Cells were seeded in six-well plates, harvested 
when fully grown, fixed with 100 μL of PBS and 
900 μL of prechilled 75% ethanol, and mixed by 
gentle blowing. The fixed cells were rewashed 
with prechilled PBS, the supernatant was dis-
carded, 100 µL of RNase A (Sigma-Aldrich, St. 
Louis, USA) was added to entirely suspend the 
cells, and the cells were incubated in a water 
bath at 37°C for 30 min, followed by the addi-
tion of PI solution at 4°C. Finally, flow cytometry 
was used to measure cellular DNA content, and 
cell cycle analysis was conducted using ModFit 
LT software (Verity Software House, Topsham, 
ME).

Cell apoptosis assay

After the cells in the 6-well plate were fully 
grown, the floating cells were first placed in a 
centrifuge tube, and then, the cells were col-
lected with 0.25% trypsin (without EDTA) and 
washed with PBS. Finally, 1 × 106 cells were 
resuspended in 500 µl of PBS (pH = 7.2) buffer 
in a 1.5 ml EP tube for apoptosis detection. The 
collected groups of cells were washed twice 
with precooled PBS, and cell suspensions  
(1 × 106 cells/well) were made by adding  
1× Annexin V binding buffer. One hundred 
microliters of cell suspension were placed in a 
culture tube and centrifuged, and the superna-
tant was discarded. Annexin V-FITC conjugate 
was added to resuspend the cells, which were 
incubated for 10 min at room temperature and 
protected from light. Cells were resuspended 
by adding 190 μl of Annexin V-FITC conjugate 
and 10 μl of propidium iodide staining solution. 
The percentage of apoptosis was measured 
immediately by flow cytometry. Each experi-
ment was repeated three times.

Wound-healing assay

Cell migration was assessed using a wound-
healing assay. Groups of cells were seeded in 
six-well plates, and when the cells reached 90% 
confluence, a scratch was made in each well 
with the tip of a 200-μL pipette. Cells were 
rinsed with PBS, and 3 ml of DMEM without 
FBS was added to each well for incubation. The 
slit area of each cell sample was evaluated at 
0, 24 and 48 h and measured by ImageJ soft-
ware. Cell migration was indicated as a per-
centage of (initial slit width - 48 h slit width)/
initial slit width, with slit width = area/length.

Cell invasion assay

Microporous filter membranes inside Transwell 
chambers were infiltrated with 50 μL of matrix 
gel (Corning, USA) per well before the experi-
ment, and the chambers were placed on 
24-well plates and incubated overnight in a cell 
culture incubator to allow sufficient fusion. 
Cells were resuspended in 200 μL of DMEM 
without FBS and inoculated into the upper cell 
compartment (1 × 105 cells/well), and 700 μL 
of DMEM with 10% FBS was added to the lower 
cell compartment. The chambers were routine-
ly incubated in an incubator for 36 h. The cell 
chamber was removed, and the Matrigel and 
upper chamber were gently wiped with a moist-
ened cotton swab. A new 24-well plate was 
taken, and 600 μL of 4% paraformaldehyde 
was added. The fixative was discarded, stained 
with 0.1% crystalline violet for 10 min, and 
washed with PBS. After proper air drying, five 
fields of view were randomly selected under a 
light microscope at 200× magnification to 
observe the cells and count them.

Coimmunoprecipitation

Forty microliters of protein A/G magnetic beads 
(MCE, HY-K0202) was added to PBST and 
washed twice, and the beads were magnetical-
ly separated. Then, 400 µl of PBST and 2 µg 
HSP105 antibody (Abcam), 2 µg P53 antibody 
(Proteintech) and 2 µg rabbit IgG antibody 
(Beyotime) were added, and the cells were fully 
reacted at 4°C. The cells were lysed by adding 
14 µl of protease inhibitor cocktail (MCE) to 
1400 µl of IP lysate (Beyotime), left on ice for 
30 min, and centrifuged at 16000 × g for 15 
min at 4°C, and the supernatant was removed 
and set aside. For magnetic separation of mag-
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netic beads, 400 µl of the above supernatant 
was added to 3 EP tubes with different antibod-
ies and rotated overnight at 4°C. After the reac-
tion was completed, the beads were magneti-
cally separated and transferred to new EP 
tubes, 30 µl of 1× loading buffer was added to 
each EP tube after aspirating the buffer, and 25 
µl of 5× loading buffer was added to the afore-
mentioned 100 µl of supernatant in a metal 
bath for 10 min at 95°C to prepare the upper 

sample for SDS-PAGE and subsequent protein 
detection.

In vivo tumor growth assay

Female nude mice (four to five weeks old) were 
purchased from GemPharmatech (Jiangsu, 
China). The mice were randomly divided into 
five groups (n = 5/group, untreated, LV-con, 
LV-HSP105, sh-con, sh-HSP105). All mice were 

Figure 1. Downregulation of HSP105 expression in cSCC cells. (A) Real-time PCR and (B) Western blot analysis of 
HSP105 expression in HaCaT human keratinocytes and two cSCC cell lines (A431 and SCL-1). GAPDH was used as 
a loading control. (C) HSP105 overexpression and knockdown vectors and their negative controls were transfected 
with lentiviral efficiency up to 90%. HSP105 was stably overexpressed in LV-HSP105 cells compared to untreated 
and LV-con cells by (D) real-time PCR and (E) Western blot analysis. Stable knockdown of HSP105 expression in 
sh-HSP105 cells compared to untreated and sh-con cells by (F) real-time PCR and (G) Western blotting analysis. All 
results are presented as the mean ± SEM using one-way ANOVA in at least three independent experiments. **P < 
0.01, ***P < 0.001, ****P < 0.0001, compared to the untreated group.
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acclimatized and fed in an animal room at 22°C 
and allowed to drink and eat ad libitum. SCL-1 
cells (2 × 106 per animal) were injected subcu-
taneously into the right axilla of mice. Tumor 
growth was measured with digital calipers, and 
tumors were weighed weekly. Tumor volume 
was assessed by the following formula: volume 
(mm3) = width2 × length/2. All mice were sacri-
ficed 5 weeks after injection, and tumor tissue 
was dissected and weighed. All animal experi-
ments were approved by the Institutional 
Animal Care and Use Committee of the First 
Hospital of Chongqing Medical University.

Statistical analysis

All data were statistically analyzed using 
GraphPad Prism 9.0.0 software (GraphPad 
Software, San Diego, California) and SPSS  
software for Windows (version 26.0; SPSS, 
Inc.). All data tested by the Shapiro-Wilk test 
were normally distributed, and statistical sig-
nificance was calculated by one-way ANOVA. 
Each group of experiments was repeated at 
least three times, and a P value < 0.05 was 
considered statistically significant.

Results

Downregulation of HSP105 expression in cSCC 
cells and lentivirus transfection

Our previous study showed that HSP105 
expression was downregulated in cSCC human 
tissues and closely correlated with clinicopath-
ological characteristics [14]. Here, we validated 
this result in A431 and SCL-1 cell lines, which 
revealed decreased expression of HSP105 in 
cSCC cells compared to HaCaT cells (Figure 1A, 
1B).

Given that HSP105 expression was downregu-
lated in cSCC, we hypothesized that HSP105 
might suppress cSCC development. To test  
the potential anticancer effect of HSP105, we 
further overexpressed and knocked down 
HSP105 in A431 and SCL-1 cells with a lentivi-

ral vector, and the immunofluorescence effi-
ciency of lentiviral transfection was as high as 
80-90% (Figure 1C), which was confirmed by 
real-time PCR and Western blot analysis (Figure 
1D-G).

Overexpression of HSP105 causes cell cycle 
arrest in cSCC

The uncontrolled proliferation of cancer cells is 
known to result from disruption of the cell cycle 
and mutations in genes that regulate the cell 
cycle [14]. To investigate the effect of HSP105 
on cell cycle progression, we assessed cell 
cycle distribution using flow cytometry. The cell 
cycle results showed that the overexpression of 
HSP105 resulted in an increased proportion of 
the G0/G1 phase, a decreased ratio of the S 
phase, and almost no change in the G2 phase, 
which led to growth arrest of A431 and SCL-1 
cells at the G1/S phase transition (Figure 2A). 
As expected, overexpression of HSP105 
decreased Cyclin D1 expression while upregu-
lating p21 expression in A431 and SCL-1 cells 
(Figure 2B, 2C).

We similarly analyzed the effect of HSP105 
knockdown on cell development and showed 
that HSP105 knockdown promoted the growth 
of A431 and SCL-1 cells, accompanied by ele-
vated Cyclin D1 and downregulation of p21 
(Figure 2D-F).

Overexpression of HSP105 inhibits the prolif-
eration of cSCC cells and induces apoptosis

We analyzed the proliferation of A431 and 
SCL-1 cells at 0, 24, 48, 72, and 96 hours by 
Cell Counting Kit-8 assays (CCK-8) and show- 
ed that significant inhibition of cSCC cell prolif-
eration was achieved by overexpression of 
HSP105 (Figure 3A). To verify whether HSP105 
regulates apoptosis in cSCC cells, we detected 
apoptosis by flow cytometry. Untreated or  
negative control lentivirus-transfected A431 
and SCL-1 cells had a low basal apoptosis rate 
of 1-4%. However, overexpression of HSP105 

Figure 2. HSP105 induces cell cycle arrest in G0/G1 phase through regulation of cell cycle-related genes. (A) Flow 
cytometric cycle assay showed that HSP105-overexpressing cells were arrested in G1 phase. The (B) real-time PCR 
and (C) Western blot analysis showed that overexpression of HSP105 inhibits cell proliferation by decreasing Cyclin 
D1 expression and increasing p21 expression. (D) Cell cycle profiles following HSP105 knockdown were analyzed 
by flow cytometry. (E) Real-time PCR and (F) Western blot analysis showed that HSP105 deficiency promotes cell 
proliferation by increasing Cyclin D1 expression and inhibiting p21 expression. All results are presented as the mean 
± SEM using one-way ANOVA in at least three independent experiments. *P < 0.05, **P < 0.01, ***P < 0.001, 
****P < 0.0001, compared to the untreated group.



HSP105 suppresses the progression of cSCC

3019 Am J Cancer Res 2023;13(7):3013-3026



HSP105 suppresses the progression of cSCC

3020 Am J Cancer Res 2023;13(7):3013-3026

increased the apoptosis rate to 22-36% (Figure 
3B). Moreover, we found that silencing HSP105 
promoted the proliferation of cSCC cells (Figure 
3C). The results showed that HSP105 knock-
down protected A431 and SCL-1 cells from 
5-Fu-induced apoptosis (Figure 3D).

Overexpression of HSP105 inhibits the migra-
tion/invasive ability of cSCC cells

Migration and invasion of tumor cells are impor-
tant factors of tumor metastasis and are close-
ly related to prognosis [15]. To ascertain the 
effects of HSP105 on cSCC cell migration and 
invasion, we performed wound healing and 
transwell assays, respectively. The results of 
the wound healing assay demonstrated that 
A431 and SCL-1 cells from LV-HSP105 had a 
smaller migratory area compared to the 
untreated and the negative control lentivirus 
groups (Figure 4A). Consistent with the results 
of the migration assay, the LV-HSP105 group 
showed a dramatic decrease in the total num-
ber of invading cells on the PET membrane 
compared to the other two control groups 
(Figure 4B).

Matrix metalloproteinase-2 (MMP-2) and matrix 
metalloproteinase-9 (MMP-9) are strongly 
associated with tumor infiltration and metasta-
sis [16]. We further investigated the effect of 
HSP105 on the expression of MMP-2 and 
MMP-9 by real-time PCR and Western blotting. 
As shown in Figure 4C, 4D, the expression of 
both MMP2 and MMP9 was decreased in the 
HSP105-overexpressing cells. We also found 
that the cells migrated over a larger area and 
were more invasive after HSP105 deficiency 
compared to the other two controls (Figure 4E, 
4F) with higher expression of MMP2 and MMP9 
(Figure 4G, 4H).

HSP105 inhibits cSCC cell growth by activating 
the P53 signaling pathway

In this study, we found that upregulation of 
HSP105 increased the protein expression of 
P53 and downregulated the cell cycle protein-

dependent kinase CDK4. In addition, the eleva-
tion of HSP105 was accompanied by the upreg-
ulation of the proapoptotic protein Bax and cell 
cycle regulatory protein p21 and the downregu-
lation of Bcl2 and CDK4 (Figure 5A, 5B). In con-
trast, the reduction in HSP105 led to decreased 
P53 protein levels, downregulation of p21 and 
Bax, and upregulation of CDK4 and Bcl-2, which 
promoted cSCC cell proliferation and inhibited 
cSCC apoptosis (Figure 5C, 5D). Second, 
MDM2, a central negative regulator of P53, 
showed an opposite trend to P53. Furthermore, 
co-IP results showed that there was an interac-
tion between HSP105 and P53 (Figure 5E).

Overexpression of HSP105 inhibits tumor 
growth in a mouse model

To further confirm the effect of HSP105 on 
cSCC progression, we established xenograft 
tumor models in vivo with SCL-1 cell lines and 
measured body weight and tumor volume at 
the indicated time points. The results showed 
that there was no significant difference in body 
weight among the groups (Figure 6A). Im- 
portantly, overexpression of HSP105 delayed 
tumor cell growth, and silencing of HSP015 pro-
moted tumor growth (Figure 6B). Five weeks 
after cell inoculation, tumor volume and weight 
were lower in the LV-HSP105 group than in the 
control group (Figure 6C), with the opposite 
result for sh-HSP105 (Figure 6D). These find-
ings further suggest that HSP105 overexpres-
sion also has significant antitumor potential 
against cSCC in vivo.

Discussion

HSP105 has been considered a “danger signal” 
and is overexpressed in a variety of human can-
cers but is not expressed in normal tissues 
except the testis [17]. However, HSP105 is 
overexpressed in both normal epidermis and 
dermis as a way to protect the skin from dam-
age caused by UVB or its stressors in the skin 
[18]. Our previous study found a significant 
reduction in HSP105 expression in cSCC  
compared to the normal epidermis, which did 
not occur for HSP70 and HSP90 [14]. Several 

Figure 3. HSP105 arrested proliferation and increased apoptosis in cSCC cells. A. CCK-8 assays detected the pro-
liferation of HSP105 after overexpression treatment. B. Apoptosis of A431 and SCL-1 cells was measured by flow 
cytometry, and the rate of apoptosis was significantly increased after transfection with LV-HSP105. C. A431 and 
SCL-1 cell proliferation after HSP105 silencing was determined by the CCK-8 assay. D. After treatment of A431 and 
SCL-1 cells with 5-Fu for 24 h, the apoptosis rate was detected by flow cytometry, and 5-Fu-induced apoptosis could 
be inhibited upon HSP105 silencing. All results are presented as the mean ± SEM using one-way ANOVA in at least 
three independent experiments. ***P < 0.001, ****P < 0.0001, compared to the untreated group.



HSP105 suppresses the progression of cSCC

3021 Am J Cancer Res 2023;13(7):3013-3026



HSP105 suppresses the progression of cSCC

3022 Am J Cancer Res 2023;13(7):3013-3026

reports have described the anti-inflammatory 
effects of extracellular HSP105, which can pro-
mote or inhibit inflammation [16, 19]. These 
findings suggest that the expression pattern of 
HSP105 varies with different sites and cell 
types. Since the role and molecular mecha-
nisms of HSP105 in cSCC development have 
not been investigated, in the present study, we 
found that HSP105 expression was decreased 
in cSCC and that overexpression of HSP105 
could inhibit cSCC cell proliferation, migration 
and invasion by activating P53 signaling while 
inducing apoptosis, thereby suppressing cSCC 
progression. Furthermore, overexpression of 
HSP105 significantly inhibited tumor growth in 
vivo.

The unlimited proliferation of cancer cells is 
preceded by a disruption of the cell cycle. Our 
study shows that HSP105 overexpression 
inhibits cSCC cell growth by reducing cyclin D1 
and increasing the expression of p21. In con-
trast, knockdown of HSP105 reversed this pat-
tern. The same regulatory effect of HSP105 on 
the cell cycle has been found in other studies. 
Our results are consistent with those of Kalos 
M et al., who found that HSP105 enhances 
cytotoxic T lymphocytes in cervical cancer, reg-
ulates cell proliferation and exerts antitumor 
effects [20]. Teshima H et al. used cell synchro-
nization experiments to show that HSP105 
silencing effectively promotes the mitotic tran-
sition from metaphase to anaphase by attenu-
ating spindle assembly checkpoint (SAC) func-
tion [21].

HSP105 can inhibit cells from stress-induced 
apoptosis through the STAT3 and P53 signaling 
pathways [22]. Yamagishi N et al. showed that 
HSP105 inhibits apoptosis in HeLa cells by 
inhibiting the p38 MAPK signaling pathway 
[23]. However, our study showed that HSP105 
overexpression promoted apoptosis in cSCC 
cells. This result might be because the expres-
sion pattern of HSPs varies depending on the 
stressor and cell type, and each heat shock 
protein has an essential and specific function 

in different tissues [24]. Scholars have investi-
gated whether HSP105α inhibits apoptosis in 
neuronal PC12 cells while having a proapop-
totic effect on embryonic F9 cells and showed 
that HSP105 has opposite effects on apopto-
sis, depending on the cell type [25, 26]. HSP105 
truncation could protect colon cancer cells 
from TRAIL-induced apoptosis, while overex-
pression of HSP105 could block its antiapop-
totic function, which is in line with our findings 
[27].

Abnormal migration and invasion of tumor cells 
are determinants of disease progression [28]. 
MMP was shown to be specifically expressed in 
cSCC cells and is an important regulator of 
cSCC cell invasion [29]. Our study showed that 
overexpression of HSP105 decreased the pro-
tein levels of MMP-2 and MMP-9, leading to 
impaired migration and invasion of cSCC cells. 
A previous study indicated that HSP70 deficien-
cy contributes to aggravated brain injury by 
increasing the expression of MMP [30]. Ala-aho 
R et al. conducted a series of experiments on 
HSP105 and cSCC and found that P53 could 
effectively inhibit the expression of MMP in 
cSCC cells [31]. There is accumulating evidence 
that in mouse skin cancer models, P53 defi-
ciency leads to more aggressive skin papilloma 
and promotes tumor growth [32].

cSCC has a wide range of mutant sites in the 
P53 gene, so an important early event in the 
development of cSCC is the mutation and inac-
tivation of the tumor suppressor gene P53 [33]. 
HSP105 forms a complex with P53 at scrotal 
temperature and contributes to the stabiliza-
tion of the P53 protein in the germ cell cyto-
plasm [34]. The P53 protein is located upstream 
of the cystatinase cascade, which is associated 
with HSPs, and some investigators found that 
the expression of the P53 protein was reduced 
after HSP105 siRNA treatment [35]. When cells 
are under stress, activated P53 promotes the 
transcription of the cell cycle regulator p21 and 
the proapoptotic gene Bax to induce cell cycle 
arrest and apoptosis [36]. Multiple lines of evi-

Figure 4. HSP105 suppresses cSCC cell migration and invasion. (A) LV-HSP105 transfection resulted in a smaller 
migration area in A431 and SCL-1 cells. (B) Transwell assays showed that cell invasion was reduced after HSP105 
overexpression. The results of (C) real-time PCR and (D) Western blot analysis showed reduced expression levels 
of MMP-2 and MMP-9 in the HSP105-overexpressing A431 and SCL-1 cells. (E) sh-HSP105 transfection resulted in 
a larger migration area in A431 and SCL-1 cells. (F) Enhanced cell invasion after HSP105 silencing. (G) Real-time 
PCR and (H) Western blot analysis showed elevated expression levels of MMP-2 and MMP-9 in A431 and SCL-1 cells 
with HSP105 knockdown. All results are presented as the mean ± SEM using one-way ANOVA in at least three inde-
pendent experiments. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001, compared to the untreated group.
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Figure 5. HSP105 suppresses cSCC cell growth by activating the MDM2/P53 signaling pathway. (A) Real-time PCR 
and (B) Western blot analysis showed that MDM2 protein levels were decreased and P53 protein levels were in-
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dence suggest that under nonstress condi-
tions, P53 is primarily negatively regulated by 
the MDM2 protein, a product of a proto-onco-
gene that inhibits apoptosis and promotes 
tumor cell proliferation [37, 38]. Our results 
showed that overexpression of HSP105 result-
ed in elevated levels of P53 and its downstream 
genes p21 and Bax, with inhibition of CDK4, 
Cyclin D1, Bcl-2 and MDM2 expression. In addi-
tion, the results of co-IP showed that there was 

a novel role for HSP105 in immune regulation 
has been described. In this regard, HSP105 
overexpression in colorectal cancer cells induc-
es the formation of macrophages with an anti-
inflammatory profile [39]. Previous studies have 
shown that HSP105 is an immunogenic chaper-
one and a promising candidate for cancer vac-
cines. In a mouse model of cervical cancer, 
HSP105 was shown to not only enhance the 
antitumor potency of the cytotoxic T lympho-

creased in A431 and SCL-1 cells after HSP105 overexpression. Moreover, CDK4 was downregulated, while the 
apoptosis-related protein Bax was upregulated and Bcl2 was downregulated. (C) Real-time PCR and (D) Western 
blot analysis showed the opposite results when HSP105 was knocked down. Co-IP (E) results show that there is 
an interaction between HSP105 and P53. The expression of HSP90 and HSP70 did not change in response to the 
elevation or knockdown (F) of HSP105.

Figure 6. HSP105 overexpression inhibits tumor growth of cSCC in vivo. A. 
Body weight of NCG mice was measured and recorded weekly. B. Tumor 
volume was calculated via the width2 × length/2 method at the indicated 
time point. C. HSP105 upregulation inhibits cSCC tumor growth. D. HSP105 
downregulation promotes cSCC tumor growth. All results are presented as 
the mean ± SEM using Student’s t test (n = 5). **P < 0.01, ***P < 0.001, 
compared to the untreated group.

an interaction between HSP- 
105 and P53.

Among HSPs, HSP70, 90 and 
105 are representatives of the 
proteins predominantly expre- 
ssed after stress. HSP105, a 
member of the HSP70 super-
family, has functional and 
structural similarities in differ-
ent in vitro and in vivo systems. 
However, the protein levels of 
HSP70 and HSP90 were also 
found in our study to be un- 
changed after the elevation or 
knockdown of HSP105, sug-
gesting that these proteins 
have their own roles and that 
when one of them is impaired, 
the others have fewer compen-
satory effects (Figure 5F).

We provide evidence that up- 
regulated expression of HSP- 
105 suppresses the prolifera-
tion, migration and invasion of 
A431 and SCL-1 cell lines, pro-
motes apoptosis and induces 
cell cycle arrest by activating 
the P53 signaling pathway. 
Silencing HSP105 had the 
opposite effect. This finding 
implies that HSP105 may be 
an important factor in regulat-
ing the development of cSCC. 
Due to its prominent role as a 
chaperone, HSP105 could ser- 
ve as a new target of chemo-
therapy for cancer. In addition, 
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cyte epitope E7 but also to significantly inhibit 
tumor growth [40].

In conclusion, HSP105 may play multiple roles 
in cancer cells because its chaperone function 
involves stabilizing oncogenic proteins and pro-
teins involved in cancer signaling pathways. 
Our results suggest that upregulation of HSP- 
105 expression can inhibit cSCC development 
and progression by activating the P53 signaling 
pathway. Thus, targeting this chaperone has 
the potential to be an intervention tool in the 
fight against cancer, although the exact mecha-
nisms involved in cancer development need to 
be further investigated. 
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